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PROCEEDINGS  OF  THE  TWENTY-FIFTH  ANNUAL  CONVENTION 
OF  THE  ASSOCIATION  OF  OFFICIAL  AGRI- 
CULTURAL CHEMISTS. 


FIRST   33 AY. 
THURSDAY— MORNING  SESSION. 

The  twenty-fifth  annual  convention  of  the  Association  of  Official 
Agricultural  Chemists  was  called  to  order  by  the  president,  Mr. 
Harry  Snyder,  of  St.  Anthony  Park,  Minnesota,  on  the  morning  of 
November  12,  in  the  Annex  Hall  of  the  Normandie  Hotel,  Washing- 
ton, D.  C. 

Two  hundred  and  sixteen  members  and  visitors  registered  during 
the  convention,  constituting  the  largest  attendance  ever  recorded. 
The  list  is  as  follows: 

MEMBERS  AND  VISITORS  PRESENT. 

Adams,  Arthur  B.,  Bureau  of  Internal  Revenue,  Washington,  D.  C. 

Albrech,  Maximilian  C,  U.  S.  Food  and  Drug  Inspection  Laboratory,  Pittsburg,  Pa. 

Allen,  Robert  McD.,  Agricultural  Experiment  Station,  Lexington,  Ky. 

Alwood,  William  Bradford,  "Stonehenge"  Laboratories,  Charlottesville,  Va. 

Amoss,  Harold  L.,  Bureau  of  Chemistry,  Washington,  D.  C. 

Averitt,  S.  D.,  Agricultural  Experiment  Station,  Lexington,  Ky. 

Bailey,  Herbert  S.,  Bureau  of  Chemistry,  Washington,  D.  C. 

Baker,  E.  L.,  Geneva,  N.  Y. 

Balcom,  R.  Wilfred,  Food  and  Drug  Inspection  Laboratory,  New  York,  N.  Y. 

Barber,  Kate  G.,  Bureau  of  Chemistry,  Washington,  D.  C. 

Barnard,  Harry  E.,  State  Food  and  Dairy  Commission,  Indianapolis,  Ind. 

Bartlett,  James  M.,  Agricultural  Experiment  Station,  Orono,  Me. 

Bates,  Carleton,  Bureau  of  Chemistry,  Washington,  D.  C. 

Beal,  W.  H.,  Office  of  Experiment  Stations,  Washington,  D.  C. 

Bell,  James  Munsie,  Bureau  of  Soils,  Washington,  D.  C. 

Bidwell,  George  L.,  Bureau  of  Chemistry,  Washington,  D.  C. 

Bigelow,  Willard  D.,  Bureau  of  Chemistry,  Washington,  D.  C. 

Billings,  George  A.,  Department  of  Agriculture,  Washington,  D.  C. 

Bowker,  W.  H.,  Bowker  Fertilizer  Company,  Boston,  Mass. 

Boyle,  Martin,  Bureau  of  Chemistry,  Washington,  D.  C. 

Boyles,  Frank  M.,  Bureau  of  Chemistry,  Washington,  D.  C. 

Breazeale,  James  Frank,  Bureau  of  Chemistry,  Washington,  D.  C. 

Breckenridge,  John  E,,  American  Agricultural  Chemical  Company,  New  York,  N.  Y. 
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Bridges,  Benjamin  H.,  Food  and  Drug  Analyst  to  State  of  Florida,  Tallahassee,  Fla. 
Brinton,  Clement  S.,  U.  S.  Food  and  Drug  Inspection  Laboratory,  Philadelphia,  Pa. 
Broughton,  Levin  B.,  Agricultural  Experiment  Station,  College  Park,  Md. 
Browne,  Charles  A.,  New  York  Sugar  Trade  Laboratory,  New  York,  N.  Y. 
Bryan,  A.  Hugh,  Bureau  of  Chemistry,  Washington,  D.  C. 
Bryan,  Thomas  J.,  State  Analyst,  Chicago,  111. 

Burnet,  Wallace  C,  U.  S.  Food  and  Drug  Inspection  Laboratory,  Savannah,  Ga. 
Burnett,  Lyle  B.,  Bureau  of  Chemistry,  Washington,  D.  C. 

Campbell,  Walter  Gilbert,  Bureau  of  Chemistry,  Washington,  D.  C. 

Carpenter,  Frank  B.,  Virginia-Carolina  Chemical  Company,  Richmond,  Ya. 

Carroll,  John  S.,  German  Kali  Works,  Atlanta,  Ga. 

Castleman,  Philip,  Department  of  Agriculture,  Washington,  D.  C. 

Cathcart,  Charles  S.,  Agricultural  Experiment  Station,  New  Brunswick,  N.J. 

Cavanaugh,  George  W.,  State  College  of  Agriculture,  Cornell  University,  Ithaca,  N.  Y. 

Chace,  E.  M.,  Bureau  of  Chemistry,  Washington,  D.  C. 

Chapin,  Robert  M.,  Bureau  of  Animal  Industry,  Washington,  D.  C. 

Chesnut,  Victor  King,  Bureau  of  Chemistry,  Washington,  D.  C. 

Church,  C.  G.,  Bureau  of  Chemistry,  Washington,  D.  C. 
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REPORT    ON    FOOD    ADULTERATION. 

By  H.  E.  Barnard,  Referee. 

The  demand  for  analytical  data  bearing  on  the  composition  of  normal  and  abnormal 
food  products  that  has  arisen  in  the  past  three  years  because  of  the  enactment  of  food 
legislation  has  shown  most  clearly  the  absolute  necessity  for  accurate,  precise,  and 
at  the  same  time  rapid  methods  for  food  analysis.     It  did  not  at  first  appear  that  the 
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problems  of  the  food  analyst  were  greatly  different  from  those  of  the  analytical  chem- 
ist, but  as  the  work  has  developed,  a  new  literature  and  a  new  chemistry  have  by 
rapid  evolution  been  added  to  the  broad  field  of  chemical  science.  The  boast  of  the 
manufacturing  chemist  that  he  is  always  a  year  in  advance  of  the  official  chemist  who 
is  hunting  down  iniquities  is  a  constant  stimulus  and  makes  necessary  the  continual 
development  of  new  methods  of  analysis  and  the  refinement  of  old  practices. 

No  radical  departure  from  established  methods  is  advocated  by  those  who  have 
studied  the  different  phases  of  food  adulteration  this  past  year,  but  the  reports  of  the 
associate  referees  show  the  necessity  for  continued  research. 

On  fruit  products,  baking  powder  and  baking  chemicals,  fats  and  oils,  condiments 
other  than  spices,  and  the  determination  of  water  in  foods  no  reports  were  made. 
These  subjects  are  all  worthy  of  careful  study,  and  it  is  to  be  hoped  that  this  coming 
year  they  may  be  taken  up. 

I  take  occasion  to  call  the  attention  of  all  food  chemists  to  the  imperative  necessity 
for  the  adoption  of  uniform  methods  of  analysis  which  have  been  proved  accurate  and 
reliable.  The  work  of  this  association  is  most  valuable  in  providing  official  methods, 
but  no  association  can  compel  chemists  to  employ  standard  methods  or  insist  upon 
more  careful  analytical  work.  The  food  analyst  is  to-day  working  constantly  in  the 
limelight  and  his  results  very  frequently  are  carried  to  the  courts  and  are  subject  to 
the  scrutiny  of  expert  chemists  and  the  counsel  for  the  defendant.  In  too  many  cases 
it  has  appeared  that  the  results  of  analyses  have  been  published  and  even  used  in  court 
which  later  were  found  to  be  inaccurate,  thus  compelling  those  responsible  for 
the  publication  and  use  of  such  reports  to  make  public  retraction.  The  value  of  our 
work  is  greatly  impaired  by  the  constant  recurrence  of  such  mistakes.  The  necessity 
for  more  careful  work  is  well  shown  by  data  published  in  the  Proceedings  for  last  year, 
where  chemists  analyzing  similar  condensed  milks  report  an  ash  content  varying 
from  1.34  to  2.17  per  cent  and  a  fat  content  varying  from  7.50  to  9.24  per  cent.  If 
the  fat  in  the  original  milk  is  determined  in  these  samples  on  the  ash  basis,  in  one  case 
the  original  milk  content  is  4.2  per  cent  fat,  in  the  other  case  2.56  per  cent,  figures 
which  indicate  that  the  same  sample  of  evaporated  milk  was  in  one  instance  made 
from  whole  milk  and  in  the  other  from  skimmed  milk. 

Attention  is  again  called  to  the  fact  that  we  have  no  satisfactory  alcohol  table  which 
is  accepted  by  all  chemists  as  a  standard.  The  several  alcohol  tables  now  in  use, 
namely,  those  published  in  the  Official  and  Provisional  Methods  of  Analysis,  the 
tables  given  in  the  United  States  Pharmacopoeia,  and  those  in  use  by  the  Internal 
Revenue  Bureau,  are  not  alike.  More  than  that,  they  are  all  calculated  at  60°  F., 
instead  of  at  the  generally  accepted  standard  temperature  of  20°  C.  Can  not  this 
association  be  of  assistance  to  the  puzzled  chemist  who  is  constantly  compelled  to 
recalculate  and  correct  his  results  and  who  is  confronted  in  court  by  alcohol  per- 
centages so  different  from  his  as  to  discredit  his  testimony,  but  which  when  calculated 
to  the  same  basis  on  the  same  table  are  found  to  be  identical? 

The  Bureau  of  Standards  may  well  cooperate  with  the  committee  from  this  associa- 
tion for  the  purpose  of  revising  the  alcoholometric  tables,  and  it  is  recommended  that 
a  committee  be  appointed  for  this  purpose. 

REPORT  ON  WINE. 

By  Julius  Hortvet,  Associate  Referee. 

Outline  of  the  Work. 

On  February  28,  after  some  preliminary  correspondence,  the  referee  on  wine  sent 
out  the  following  letter,  accompanied  by  methods  of  analysis  for  alcohol,  extract, 
glycerol,  ash,  fluorids,  and  total  sulphurous  acid,  substantially  as  given  in  Bulletin 
107  and  in  Windisch's  Untersuchung  des  Weines.     On  June  11  these  instructions 


13  ^ 

were  supplemented  by  a  further  letter  submitting  a  modified  method  for  the  deter- 
mination of  volatile  and  fixed  acids.  The  subjects  reported  upon  included  the  deter* 
mination  of  glycerol  in  wines,  the  examination  of  natural  coloring  matter  in  wines,  " 
and  the  determination  of  total,  fixed,  and  volatile  acids;  besides  which  there  was 
submitted  a  special  report  on  the  determination  of  reducing  sugars,  by  R.  M.  West. 
These  papers,  together  with  the  letter  of  instructions  and  a  statement  of  the  modified 
methods  which  were  studied,  constitute  the  report  of  referee. 

instructions. 

February  28,  1908. 
Dear  Sir:  I  send  you  herewith  an  outline  of  methods  for  analysis  of  wine.  It  is  my 
desire  that  you  subject  these  methods  to  careful  investigation,  using  for  the  purpose 
samples  of  your  own  collection.  In  general  the  plan  of  work  for  this  year  will  be  to 
allow  each  collaborator  considerable  latitude  as  to  how  he  is  to  conduct  his  work.  In 
other  words,  you  are  requested  to  make  an  independent  investigation  of  all  or  as  many 
of  these  methods  as  possible  and  prepare  a  paper  giving  your  results  and  criticisms. 
Special  attention  is  directed  to  the  following  points: 

(1)  The  change  to  20°  C.  as  the  standard  temperature  for  specific  gravity  and  alco- 
hol determinations. 

(2)  Uniformity  of  terms  in  which  to  express  results,  considering  especially  (a)  the 
idea  of  expressing  all  results  when  possible  in  grams  per  100  cc  of  sample,  (b)  the  idea 
of  expressing  total,  volatile,  and  fixed  acids  as  cubic  centimeters  of  normal  acid  in 
100  cc  of  sample. 

(3)  Improvements  in  the  method  for  determining  glycerol. 

(4)  A  thorough  trial  of  the  new  method  of  determining  volatile  and  fixed  acids 
(see  below).  A  drawing  and  a  description  of  the  apparatus  used  are  given  in  this 
connection  (see  page  21). 

(5)  A  criticism  of  the  uranium  method  for  determining  phosphoric  acid     *    *    *. 

(6)  A  thorough  trial  of  the  scheme  for  examination  of  the  natural  coloring  matter 
of  wines,  using  for  the  purpose  samples  of  the  red-wine  class. 

(7)  A  criticism  of  the  method  for  detecting  fluorids  and  the  method  for  determin- 
ing sulphurous  acid. 

(8)  An  investigation  and  criticism  of  any  of  the  other  provisional  methods  for  wines. 
Consider  especially  the  volumetric  method  for  determining  reducing  sugars. 

It  is  desired  that  the  result  of  your  investigations  be  reported  in  full,  showing  all 
important  numerical  data,  conclusions,  and  recommendations.     *    *    * 

PROPOSED  METHODS  FOR  THE  DETERMINATION  OP  TOTAL,   VOLATILE,  AND  FIXED  ACIDS. 

Total  acids. a 

Measure  10  cc  of  the  sample  into  a  300  cc  flask,  add  100  to  200  cc  of  recently  boiled 
distilled  water,  according  to  the  color  of  the  wine,  and  boil  three  minutes  under  a 
reflux  condenser.  After  cooling  add  2  or  3  drops  of  phenolphthalein  and  titrate  with 
tenth-normal  sodium  hydroxid.  Express  the  result  for  total  acids  as  cubic  centi- 
meters of  normal  acid  in  100  cc  of  the  wine. 

Volatile  and  fixed  acids. 

The  apparatus  to  be  used  consists  of  a  cylindrical  flat  bottomed  flask  of  about  300  cc 
capacity,  provided  with  an  elongated  wide  neck.  Into  the  neck  of  this  flask  is  fitted 
by  means  of  a  short  section  of  thick  rubber  tubing  a  cylindrical  shaped  flask  in  the 
bottom  of  which  is  a  small  opening  leading  inward  through  a  siphon-shaped  tube 
bent  back  upon  itself  and  terminating  at  a  point  close  to  the  bottom.  The  inner  flask 
is  connected  to  a  condenser  by  means  of  a  bent  tube  and  safety  bulb.  In  the  stopper 
is  also  fitted  a  small  funnel  provided  with  a  glass  stop-cock.  The  distillate  from  the 
condenser  is  received  in  a  cylindrical  graduate. 

Pour  100  cc  of  recently  boiled  distilled  water  into  the  larger  flask,  tightly  fit  the 
smaller  flask  into  the  wide  neck,  run  in  10  cc  of  wine  through  the  funnel,  rinse  out  the 
funnel  with  a  little  water,  close  the  stop-cock  and  heat  the  water  to  boiling.  The  steam 
passing  through  the  siphon  tube  and  through  the  wine  carries  out  the  volatile  acids. 
When  50  cc  of  distillate  have  passed  over,  empty  the  graduate  and  continue  the 

a  Pierre  Breteau,  Guide  pratique  des  falsifications  et  alterations  des  substances 
alimentaires,  p.  318. 
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distillation,  Titrate  the  50  cc  distillate  with  one-tenth  normal  sodium  hydroxid, 
using  phenolphthalein  as  an  indicator. 

Stop  the  distillation  when  an  additional  10  cc  of  distillate  requires  only  one  drop 
of  the  standard  alkali  solution  to  neutralize.  Usually  80  cc  of  distillate  will  include 
practically  all  of  the  volatile  acids. 

On  cooling  the  apparatus  the  liquid  remaining  in  the  inner  flask  is  siphoned  into 
the  outer  flask.  Rinse  out  the  remaining  small  amount  of  sample  by  running  several 
portions  of  hot  water  through  the  funnel  tube  and  disconnect  the  two  flasks.  In 
case  of  a  light  colored  wine  or  a  white  wine,  add  100  to  200  cc  of  recently  boiled  dis- 
tilled water  and  titrate  with  one-tenth  normal  sodium  hydroxid,  using  phenol- 
phthalein as  an  indicator.  In  the  case  of  a  highly  colored  wine,  after  cooling  the  liquid 
make  up  to  100  cc,  measure  out  25  cc,  dilute  with  recently  boiled  distilled  water  and 
titrate  as  before.  Express  the  results  for  volatile  and  fixed  acids  as  cubic  centi- 
meters of  normal  acid  in  100  cc  of  the  wine. 

The  Determination  of  Glycerol  in  Wines. 

The  method  submitted  to  collaborators  has  been  subjected  to  trial  on  a  dozen 
samples  of  genuine  California  wines.  After  the  residues  obtained  by  the  method 
had  been  weighed,  they  were  analyzed  for  glycerol  by  the  acid-dichromate  oxidation 
method,  as  follows: 

The  residue  was  dissolved  in  a  little  distilled  water,  filtered  and  washed  through 
a  previously  dried  and  weighed  small  filter,  and  the  solution  made  up  with  water 
to  50  or  100  cc,  the  volume  depending  on  the  amount  of  the  dissolved  residue.  An 
aliquot  portion  of  the  solution  (equivalent  to  from  0.3  to  0.5  gram  of  residue)  was 
run  into  a  200  cc  beaker,  20  cc  of  sulphuric  acid  (1  : 1)  and  50  cc  of  standard  potassium 
dichromate  solution  (1  cc  equivalent  to  0.01  gram  of  glycerol)  run  in  and  the  beaker 
placed  in  boiling  water.  During  the  heating  the  strength  of  a  prepared  solution  of 
ferrous-ammonium  sulphate  (240  grams  in  1,000  cc)  was  determined  by  titration  with 
the  dichromate.  At  the  end  of  two  hours  the  beaker  was  removed  from  the  boiling 
water,  100  cc  of  water  added,  and  the  excess  of  dichromate  titrated  with  the  ferrous- 
ammonium  sulphate.  From  the  result  of  the  titration  the  weight  of  the  oxidized 
glycerol  was  calculated. 

A  sample  of  chemically  pure  glycerol,  which  by  specific  gravity  determination  and 
refractometer  reading  was  shown  to  be  99.3  per  cent  pure,  gave  by  this  method  97.7 
per  cent  pure  glycerol  by  weight.  The  filter  containing  the  residue  insoluble  in 
water  was  again  dried  at  100°  C,  cooled  in  a  desiccator  and  weighed.  Tannin  was 
determined  in  another  aliquot  portion  of  the  solution  by  the  official  provisional 
method  given  for  tannin  in  wine.  The  results  of  these  determinations  are  shown  in 
the  accompanying  table.  In  three  instances,  owing  to  insufficient  material,  no  results 
for  tannin  were  obtained. 

There  seem  to  be  no  means  of  estimating  the  loss  of  glycerol  which  takes  place 
during  the  determination.  It  appears,  however,  that  the  material  which  is  extracted 
and  weighed  as  glycerol  is  never  pure  glycerol,  as  is  generally  assumed.  The  pro- 
portion of  glycerol  obtained  by  the  method  of  oxidation  ranges  from  84.7  to  88.5  per 
cent  of  the  weighed  residues.  Also  it  appears  that  in  some  cases  a  considerable 
amount  of  the  residue  consists  of  matter  insoluble  in  water,  and  also  tannin. 

Mr.  C.  S.  Ash,  chemist  of  the  California  Wine  Association,  recognizes  the  need  of 
an  improved  method  for  the  determination  of  glycerol,  and  describes  the  following, 
which  has  been  employed  in  his  laboratory: 

Measure  out  100  cc  of  wine  in  a  porcelain  dish,  evaporate  to  a  thick  sirup,  then 
make  alkaline  with  milk  of  lime  and  evaporate  almost  to  dryness.  Dissolve  out  the 
glycerol  with  successive  portions  of  boiling  hot  alcohol,  evaporate  the  alcohol  to  about 
5  cc,  transfer  to  a  stoppered  flask  or  cylinder  of  100  cc  capacity,  make  up  to  100  cc  with 
acetic  ether,  and  allow  to  stand  over  night.  Filter  the  liquid  from  the  precipitate, 
evaporate  off,  and  dry  the  glycerol  to  constant  weight  at  a  temperature  not  above  55° 
or  60°  C. 

The  method  is  said  to  give  fairly  uniform  results,  and  the  most  unsatisfactory  part 
of  the  procedure  is  the  evaporation  of  the  solvent.  A  small  percentage  of  glycerol  is 
undoubtedly  lost,  especially  toward  the  end  of  the  process,  but  this  and  other  diffi- 
culties, it  is  hoped,  may  be  overcome  in  great  measure. 
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A  comparison  of  two  methods  for  the  determination  of  glycerol. 


Kind  of  wine. 


Glycerol  (in  100  cc). 


By  pro- 
visional 
method. 


By  oxi- 
dation 
method. 


Water- 
insoluble 
residue 
in  ex- 
tract 
from  100 
ccof  wine. 


Tannin 

in 

extract 

from  100 

cc  of 

wine. 


Percentage  composition  of  extract 
weighed  as  glycerol  in  provisional  method. 


Glycerol 
by  oxi- 
dation. 


Insoluble 
residue. 

Tannin. 

Percent. 

Per  cent. 

0.95 

1.65 

.62 

3.20 

.61 

.40 

3.79 

.18 

3.12 

.53 

.14 

.16 

.00 

.18 

2.02 

.19 

2.70 

.45 

.72 

.20 

3.97 

Unde- 
termined 
residue. 


Zinfandel. . 
Burgundy. 

Sherry 

Port 

Muscat 

Hock 

White  wine 
White  wine 

Port 

Sherry 

Claret 

Angelica... 


Grams. 

0.  6974 

.2592 

.9599 

1. 1595 

1.0424 

.6947 

.6440 

.6408 

.6692 

.7765 

.7310 

.6870 


Grams. 
0.  6128 
.2226 
.8494 
1.0064 
.8900 
.6014 
.5458 
.5498 
.5890 
.6960 
.6214 
.5856 


Grams. 
0. 0006 
.0016 
.0059 
.0046 
.0019 
.0037 
.0010 
.0000 
.0012 
.0015 
.0033 
.0014 


Grams. 
0.0115 


.0440 
.0325 
.0010 


.0135 
.0210 
.0053 
.0273 


Per  cent. 
87.86 
85.88 


85.38 
86.57 
84.75 
85.79 
88.01 
89.63 
85.00 
85.24 


Per  cent. 

9.54 
10.30 
10.91 

9.02 
11.32 
12.76 
15.09 
14.21 

9.79 

7.48 
13.83 
10.59 


The  Determination  of  Reducing  Sugars  in  Wine. 


The  following  criticism  of  the  provisional  volumetric  method  of  the  association  was 
prepared  by  R.  M.  West,  St.  Paul,  Minn. : 

The  chief  objection  to  the  present  provisional  methods  for  the  determination  of 
reducing  sugars  in  wine  (Bui.  107,  p.  87)  is  the  length  of  time  necessary  for  the  opera- 
tion. Many  attempts  have  been  made  to  remedy  this  defect  by  the  introduction  of 
volumetric  methods,  which  as  a  rule  have  been  unsatisfactory  either  through  the 
necessity  of  preliminary  titrations  or  through  the  excessive  errors  caused  by  the 
variable  conditions  under  which  the  copper  is  precipitated.  It  was  decided  after  care- 
ful consideration  that  the  actual  precipitation  of  the  copper  by  the  provisional  method 
could  not  be  modified  to  advantage,  but  that  the  ordinary  methods  of  preparing  the 
sample,  in  addition  to  being  long  and  tedious  in  operation,  are  the  sources  of  several 
serious  errors.  A  strong  solution  of  alcohol  fails  to  reduce  Fehling  solution,  and, 
such  being  the  case,  it  is  apparent  that  the  addition  of  25  cc  of  a  15  per  cent  solution 
of  alcohol  to  120  cc  of  boiling  diluted  Fehling  solution,  from  which  it  would  be  almost 
immediately  boiled  off,  could  have  little  or  no  influence  on  the  precipitation  of  the 
copper.  Since  the  provisional  method  calls  for  the  dealcoholization  of  the  wine 
previous  to  clarification,  its  omission  would  save  at  least  a  half  hour  without  decreasing 
the  accuracy  of  the  result.  Furthermore,  it  has  long  been  realized  that  the  use  of 
lead  subacetate  as  a  clarifying  agent  has  been  attended  with  several  errors.  In  the 
first  place,  the  precipitated  solids  carry  with  them  small  amounts  of  sugar,  and,  in  the 
second  place,  in  taking  an  aliquot  portion  of  the  filtrate  the  volume  of  the  precipitate 
is  not  considered.  This  second  error  is  repeated  when  the  excess  of  lead  is  removed 
with  sodium  sulphate,  and  all  these  errors  together,  when  multiplied  by  the  number 
of  times  that  the  sample  has  been  diluted  during  the  preparation  of  the  solution  in 
which  the  sugar  is  determined,  may  amount  to  a  considerable  proportion  of  the  total 
reducing  sugar  content  of  the  wine. 

It  is  proposed,  then,  that  the  preliminary  treatment  of  the  wine  consist  of  only  the 
dilution  necessary  to  obtain  a  solution  containing  not  more  than  1  per  cent  of  reducing 
sugar,  that  the  copper  be  precipitated  in  the  usual  way,  filtered  as  quickly  as  possible, 
redissolved,  and  determined  volumetrically  or  by  electrolytic  deposition.  Analyses 
were  made  on  fourteen  samples  of  wine  by  both  the  provisional  and  the  proposed  new 
methods,  with  the  results  shown  in  the  accompanying  table.  To  make  these  results 
more  easily  comparable,  the  sample  was  diluted  with  the  same  amount  of  water 
for  both  determinations. 
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Comparison  of  methods  j or  the  determination  of  reducing  sugars  in  wines. 


Kind  of  wine. 


Total 

solids  in 

100  cc. 


Reducing  sugar  in  25 
cc  of  diluted  solution 
(containing  not  more 
than  1  per  cent  of  re- 
ducing sugar). 


By  pro- 
visional 
method. 


By  pro- 
posed 
method. 


Times 
diluted. 


Reducing  sugar  in 
100  cc  of  wine. 


By  pro- 
visional 
method. 


By  pro- 
posed 
method. 


Red  wine.. 
Red  wine.. 
Red  wine . . 

Sherry 

Sherry 

Port 

Muscat 

White  wine 
White  wine 
White  wine 

Port 

Sherry 

Claret 

Angelica... 


Grams. 
2.40 
2.17 
2.18 
4.37 
4.77 
12.00 
16.22 
.1.72 
1.79 
1.61 
13.08 
5.47 
2.34 
12.83 


Mg. 

32.6 

27.0 

66.9 

145.9 

164.6 

201.9 

169.5 

25.8 

21.0 

22.5 

132.2 

87.2 

51.8 

126.5 


Mg. 


31.6 
28.1 
62.1 


146.5 

162.5 

201.5 

169.7 

26.4 

19.4 

18.9 

130.3 

85.7 

59.1 

127.9 


Grams. 

0. 1304 

.1080 

.2736 

2. 3344 

2.6336 

8.0760 

13.  5600 

.1032 

.0840 

.0900 

10.  5760 

3.  4880 

.2072 

10. 1200 


Grams. 

0. 1264 

.1124 

.2484 

2. 3440 

2.  6000 
8.  0600 

13.  5760 
.1056 
.0776 
.0756 

10.  4240 

3.  4280 
.2364 

10. 2320 


Examination  of  the  Natural  Coloring  Matter  in  Wine. 


The  following  statement  was  contributed  by  Genevieve  Imus,  St.  Paul,  Minn.  A 
complete  tabulation  of  results  of  tests  made  on  wine  colors  is  given  in  the  Twelfth 
Biennial  Report  of  the  Minnesota  State  Dairy  and  Food  Department,  pages  250  to  253. 

During  the  past  two  years  a  considerable  amount  of  time  has  been  given  to  the 
examination  of  the  natural  coloring  matter  of  wine.  The  work  has  not  included  the 
detection  of  coal-tar  dyes  or  other  added  colors  but  was  intended  primarily  for  the 
purpose  of  obtaining  on  samples  of  known  purity  data  that  would  be  of  value  as  criteria 
in  future  routine  analyses.  The  plan  of  making  all  color  comparisons  and  descriptions 
with  reference  to  reliable  standards  has  been  adopted,  and  to  this  purpose  the  color 
standards  employed  by  Mulliken  in  his  book  entitled  "A  Method  for  the  Identifica- 
tion of  Pure  Organic  Compounds,"  have  been  found  to  be  admirably  suited.  These 
standards  consist  of  18  pure  colors,  and  of  derived  tones,  36  tints,  36  shades,  and  12 
medium  broken  colors.  They  are  mounted  on  cardboard  in  compact  form  to  facilitate 
their  use  in  the  laboratory.  A  description  of  the  standards  and  a  discussion  of  the 
application  of  color  reactions  to  the  examination  of  unknown  substances  are  given  by 
Mulliken  on  pages  230  to  234.  In  matching  colors  the  best  results  are  obtained  if 
the  operator  stands  with  his  back  to  a  window  and  not  in  direct  sunlight.  The  mate- 
rial to  be  examined  should  be  held  about  an  inch  away  from  the  white  cardboard 
accompanying  the  color  charts  and  alongside  the  square  opening.  The  cardboard  is 
moved  about  until  the  exposed  color  matches  as  nearly  as  possible  the  color  of  the 
material.     A  clear  day  is  necessary  for  satisfactory  results. 

The  tests  which  are  described  below  were  made  upon  the  undiluted  wine  unless 
otherwise  stated.  In  tests  with  the  various  reagents  the  resulting  colors  of  the  solu- 
tion have  been  noted  as  well  as  the  color  of  any  precipitate  which  may  have  been 
formed.  In  the  solubility  tests  with  amyl  alcohol  the  colors  of  both  the  alcohol  and 
resulting  wine  have  been  matched  on  the  color  chart  and  recorded. 

(a)  About  5  ccof  the  sample  are  poured  into  each  of  six  test  tubes  and  the  following 
solubility  tests  are  applied:  To  each  of  two  portions,  one  acidified  with  a  few  drops 
of  hydrochloric  acid  and  one  made  alkaline  with  ammonia,  5  cc  of  ether  are  added. 
To  each  of  two  portions,  made,  respectively,  acid  and  alkaline  in  the  same  manner, 
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5  cc  of  amyl  alcohol  are  added.  The  tubes  are  thoroughly  shaken  and  the  liquids 
allowed  to  separate.  If  in  any  case  an  emulsion  is  formed,  a  few  drops  of  ethyl  alcohol 
are  added.  Similar  tests  are  made  on  the  remaining  portions  of  the  sample  without 
the  addition  of  acid  or  alkali. 

(6)  Ten  cubic  centimeters  of  the  sample  are  made  alkaline  with  baryta  water, 
shaken  with  an  equal  volume  of  amyl  alcohol  and,  after  observing  the  colors  of  the 
two  layers  as  directed,  acetic  acid  is  added  to  a  filtered  portion  of  the  amyl  alcohol 
layer. 

(c)  To  50  cc  of  the  wine  in  a  beaker  an  equal  amount  of  water  and  a  few  cubic  centi- 
meters of  dilute  hydrochloric  acid  are  added.  In  this  is  placed  a  piece  of  white, 
fat-free  wool  cloth,  about  10  cm  square,  and  the  solution  is  boiled  from  five  to  ten 
minutes.  The  cloth  is  removed,  washed  in  a  stream  of  water,  and  after  noting  the 
color  the  wool  is  treated  with  a  2  per  cent  ammonia  solution. 

(d)  Five  cubic  centimeters  of  concentrated  nitric  acid  are  added  to  an  equal  amount 
of  the  wine  in  a  test  tube. 

(e)  To  10  cc  of  the  sample  in  a  test  tube  5  cc  of  a  neutral  or  slightly  alkaline  mix- 
ture of  a  10  per  cent  potassium  alum  solution  and  a  10  per  cent  sodium  carbonate 
solution  are  added,  the  mixture  is  shaken  and  the  precipitate  formed  is  separated 
by  filtering.  In  like  manner  the  wine  is  tested  with  5  cc  of  a  mixture  of  10  per  cent 
aluminum  acetate  solution  made  alkaline  with  10  per  cent  sodium  carbonate  solution. 
A  portion  of  the  sample  is  also  treated  with  a  10  per  cent  solution  of  mercuric  chlorid. 

(/)  To  15  cc  of  the  sample  in  a  test  tube  are  added  3  cc  of  a  10  per  cent  solution  of 
lead  subacetate.  The  solution  is  shaken  and  filtered.  It  has  been  found  difficult  at 
times  to  match  the  color  of  the  precipitate  closely  with  the  color  chart  and  in  such 
cases  the  color  has  been  designated  in  general  terms  such  as  blue-gray  or  brown-gray. 

(g)  About  0.05  gram  of  pulverized  yellow  oxid  of  mercury  is  added  to  20  cc  of 
the  sample  and  the  mixture  heated  to  boiling  and  poured  through  a  double  filter. 
After  first  noting  the  color  of  the  filtrate  a  few  drops  of  hydrochloric  acid  are  added. 

(h)  To  each  of  two  10  cc  portions  of  the  sample  in  test  tubes  a  few  drops  of  10  per 
cent  solutions  of  ferric  chlorid  and  of  ferrous  sulphate  are  added,  respectively. 

Application  of  the  solubility  tests  described  above  has  shown  the  natural  color  in 
wines  to  be  insoluble  in  ether  under  all  conditions  and  in  amyl  alcohol  when  the  wine 
is  previously  made  alkaline  with  ammonia.  A  second  dye  was  obtained  with  one 
wine,  but  its  dull  appearance  and  its  reaction  with  ammonia  afforded  a  ready  means 
of  distinguishing  the  dye  from  those  of  coal-tar  origin  and  from  vegetable  dyes  of  the 
lichen  group.  Hydrochloric,  sulphuric,  and  acetic  acids  brighten  or  intensify  the 
color  of  the  original  wine,  ammonium  and  sodium  hydroxids  darken  the  solution,  and 
ammonia  alum  produces  no  change.  Tests  with  chalk  steeped  in  albumen a  gave 
unsatisfactory  results. 

In  general  the  following  conclusions  may  be  drawn  from  the  results  obtained  by 
these  tests : 

1.  Nitric  acid  darkens  the  original  solution  of  red  wines,  but  produces  practically 
no  change  in  white  wines. 

2.  The  lead  subacetate  precipitates  vary  from  a  pale  yellow  in  white  wines  to  a 
deep  blue-gray  in  red  wines,  but  a  violet  or  red  color  is  never  found  in  the  precipitate 
from  a  genuine  wine. 

3.  Some  highly  colored  red  wines  give  a  slight  coloration  upon  the  addition  of 
hydrochloric  acid  to  the  filtrate  from  the  yellow  oxid  of  mercury. 

4.  Ferric  salts  give  a  precipitate,  ferrous  salts  do  not. 

The  following  results  were  obtained  by  H.  V.  Frost  on  a  sample  of  red  wine  labeled 
"Vino  Vecchio  del  Chianti,  Toscano,  Italia."  No  evidence  as  to  the  authenticity  of 
the  wine  was  secured,  although  it  was  known  that  the  sample  was  imported  from 
Italy.     The  designations  as  to  color  correspond  to  those  in  Mulliken's  chart. 

«U.  S.  Dept.  Agr.,  Bureau  of  Chemistry,  Cir.  25,  p.  17. 
73673— Bull.  122—09 2 
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Color  reactions  using  different  solvents  under  varying  conditions  (Frost). 
GROUP  A. 


5  cc  wine  shaken  with  — 

5  cc  solvent. 

Hydrochloric  acid  + 
5  cc  solvent. 

Ammonium  hydroxid 
+  5  cc  solvent. 

Upper 
layer. 

Lower 
layer. 

Upper 
layer. 

Lower 
layer. 

Upper 
layer. 

Lower 
layer. 

Ether 

Colorless . . 
NR-T2.... 

R-Sl 

Colorless . . 
R-Sl 

R-NT 

R-NT 

Colorless . . 

R-Sl 

Colorless .. 

Colorless  . . 

R-Tl 

R-NT 

Colorless .. 
R-NT 

R-Tl 

R-NT 

Colorless . . 

R-NT 

Colorless . . 

Colorless .. 
Colorless .. 

Black 

Colorless .. 
Blackish.. 

Black. 

Black. 

GROUP  B. 


Determination. 


Color  of  wet  precipitate. 
Color  of  nitrate 


15  cc  wine  shaken 
with  3  cc  of  10 
percent  solution 
of  lead  acetate. 


B-BTM. 
VR-T2.. 


10  cc  wine  shaken 
with  5  cc  slightly 
alkaline  mixture 
of  10  per  cent 
potassium  alum 
solution  and  10 
per  cent  sodium 
carbonate. 


BG-S2.... 
BG-BTM. 


20  cc  wine 

boiled  with  0.5 

gram  pulverized 

yellow  oxid  of 

mercury. 


R-Tl. 


GROUP  C. 

A  piece  of  fat-free  white  wool  cloth,  10  cm  square,  was  boiled  five  to  ten  minutes 
in  50  cc  of  wine  to  which  were  added  50  cc  water  and  a  few  cubic  centimeters  of 
dilute  hydrochloric  acid.  The  cloth  was  removed  and  washed  in  a  stream  of  water. 
The  dyed  cloth  matched  OR-T2;  treated  with  strong  ammonium  hydroxid,  it  became 
yellow-green,  matching  Y-BTM. 

The  Determination  of  Total,  Fixed,  and  Volatile  Acids  in  Wines. 

The  first  methods  of  determining  the  volatile  acids  in  wines  consisted  in  distilling 
a  measured  quantity  of  the  sample  to  about  one-third  of  its  original  volume  and 
titrating  the  distillate;  the  results  must  obviously  have  been  too  low.  The  next  step 
appears  to  have  been  in  favor  of  an  indirect  course  of  procedure  whereby  the  total 
acids  were  first  titrated,  then  another  portion  of  the  wine  evaporated  off  and  the  fixed 
acids  titrated  in  the  residue.  From  the  difference  between  these  titrations  was 
calculated  the  amount  of  volatile  acids.  Various  modifications  of  this  method  came 
into  use,°  in  all  of  which  the  aim  appears  to  have  been  to  liberate  the  total  volatile 
acids  by  a  prolonged  heating  of  the  extract.  That  an  appreciable  change  might 
occur  in  the  extract  constituents  as  a  result  of  such  treatment  was  not  at  first  conceived. 
At  a  later  date,  however,  there  developed  grounds  for  the  belief  that  certain  of  the 
fixed  acids  disappeared,  in  consequence  of  which  on  titrating  the  residue  there  was 
obtained  too  small  a  result;  hence  the  result  for  volatile  acids  would  be  too  high. 
These  considerations  finally  resulted  in  the  abandonment  of  the  so-called  indirect 
methods,  and  it  was  again  proposed  to  separate  the  volatile  from  the  fixed  acids  by 
means  of  distillation  and  to  titrate  the  volatile  acids  in  the  distillate. a  But  because 
the  volatile  acids  pass  over  only  slowly  and  with  difficulty,  a  simple  distillation,  as  in 
the  determination  of  alcohol,  could  obviously  not  be  employed.  Following  a  number 
of  attempts  which  had  been  made  to  devise  a  successful  method,  Lindemann,&  in 

a  Methods  proposed  by  Kissel,  Weigert,  Nessler  and  Barth,  and  Wolff:  Zts.  anal. 
Chem.,  1869,  8:  416;  1879,  18:  208;  1883,  22:  166;  Repert.  anal.  Chem.,  1883,  1:  213. 
&Zts.  anal.  Chem.,  1883,  22:  516. 
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1883,  described  a  method  of  driving  out  the  volatile  acids  with  steam,  and  this  forms 
the  basis  of  the  official  methods  which  for  some  years  have  been  prescribed  in  Europe 
and  in  America.  In  essential  details  the  present  official  methods  a  appear  to  comply 
with  the  following  procedure : 

Fifty  cubic  centimeters  of  wine  are  distilled  in  a  current  of  steam,  in  the  meantime 
heating  the  flask  containing  the  sample  until  the  liquid  boils,  and  regulating  the 
flame  so  that  the  volume  remains  constant.  Two  hundred  cubic  centimeters  of 
distillate  are  collected  and  titrated  with  tenth-normal  sodium  hydroxid,  using  phenol- 
phthalein  as  indicator. 

Chemists  who  have  had  considerable  experience  with  this  method  must  have  noticed 
that  it  often  happens  that  distillates  collected  beyond  200  cc  show  a  more  or  less 
strong  acid  reaction.  This  is  the  case  especially  with  certain  red  wines,  notably 
burgundys,  ports,  and  clarets,  and  wines  of  the  sauterne  type.  In  fact,  as  the  accom- 
panying table  shows,  it  seldom  if  ever  occurs  that  the  first  200  cc  distillate  contains 
even  a  fair  approximation  of  the  total  volatile  acids.  In  some  instances  it  is  seen  that 
by  carrying  the  distillation  beyond  200  cc  the  error  is  very  considerable.  For  exam- 
ple, following  closely  the  provisional  method  and  carrying  the  distillation  to  400  cc, 
there  are  shown  the  following  rates  of  increase  in  total  volatile  acids:  In  a  burgundy, 
approximately  14  per  cent;  in  two  samples  of  port,  respectively,  13  and  14  per  cent; 
in  a  claret,  13  per  cent;  and  in  a  white  wine,  9  per  cent.  There  occur,  indeed,  wines 
in  which  the  volatile  acids  appear  never  to  become  completely  exhausted,  in  which, 
in  fact,  the  distillate  fails  to  appear  permanently  neutral  even  after  very  prolonged 
distilling.  This  phenomenon  may  be  attributed  not  so  much  to  acids  of  difficult 
volatility  as  to  a  possible  decomposition  of  the  extract  constituents  under  the  influence 
of  prolonged  heating  by  the  direct  action  of  the  flame  which  the  official  directions 
require  should  be  maintained  below  the  flask  containing  the  sample.  It  would 
seem,  therefore,  that  300  cc,  or  at  most  400  cc,  of  distillate  should  contain  practically 
all  of  the  volatile  acids,  and  that  it  may  not  be  necessary  or  practical  to  prolong  the 
distillation  until  the  last  portions  of  the  distillate  are  neutral. 

Volatile  acids  in  wines  (by  the  present  provisional  method). 


Kind  of  wine. 

Distillates  (cubic  centimeters  tenth-normal  sodium  hydroxid  required  to 
neutralize). 

Acid 
in  first 
300  cc. 

First 
100  cc. 

Second 
100  cc. 

Third 
100  cc. 

Fourth 
100  cc. 

Fifth 
100  cc. 

First 
200  cc. 

First 
300  cc. 

First 
400  cc. 

Total 
500  cc. 

1 

Claret 

6.30 
5.80 
9.25 
4.65 
5.60 
10.70 
5.45 
2.75 
2.85 
4.45 
6.90 
2.15 
5.90 
7.65 
4.70 
4.10 

2.10 
1.70 
3.65 
1.55 
2.20 
3.45 
2.00 
1.00 

.90 
1.45 
2.25 

.80 
2.40 
2.65 
1.65 
1.95 

0.60 
.50 

1.25 
.50 

1.10 

1.25 
.70 
.40 
.50 
.80 
.50 
.35 
.85 
.95 
.60 
.75 

0.30 
.25 
.55 
.25 
.70 
.65 
.35 
.25 
.25 
.45 
.35 
.20 
.45 
.40 
.30 
.35 

0.15 
.15 
.20 
.10 
.30 
.25 
.15 
.10 
.10 
.15 
.20 
.00 
.15 
.15 
.10 
.15 

8.40 
7.50 

12.90 
6.20 
7.80 

14.15 
7.45 
3.75 
3.75 
5.90 
9.15 
2.95 
8.30 

10.  30 
6.35 
6.05 

9.00 
8.00 

14.15 
6.70 
8.90 

15.40 
8.15 
4.15 
4.25 
6.70 
9.65 
3.30 
9.15 

11.25 
6.95 
6.80 

9.30 
8.25 

14.70 
6.95 
9.60 

16.05 
8.50 
4.40 
4.50 
7.15 

10.00 
3.50 
9.60 

11.65 
7.25 
7.15 

9.45 
8.40 

14.90 
7.05 
9.90 

16.30 
8.65 
4.50 
4.60 
7.30 

10.20 
3.50 
9.75 

11.80 
7.35 
7.30 

Per  ct. 
95.2 

2 
3 

4 

Zinfandel 

Burgundy 

Sherry 

95.2 
95.0 
93.6 

5 

Sherry 

90.0 

Port 

94.7 

7 

Port 

94.2 

8 

q 

Muscat 

Hock 

92.2 
92.4 

10 
all 
61? 

White  wine 

White  wine 

Port 

91.7 
94.6 
94.3 

13 

Sherry 

93.8 

14 

Claret 

95.7 

15 
16 

Angelica 

Port 

94.5 
93.1 

a  First  11  samples  furnished  by  California  Wine  Association,  1906. 
b  Last  5  samples  from  miscellaneous  sources. 

The  results  obtained  on  these  16  samples  of  wine  show  that  in  only  four  cases  did 
the  fifth  100  cc  distillate  require  as  much  as  0.2  cc  of  tenth-normal  alkali  to  neutralize; 
hence,  for  practical  purposes,  it  may  be  assumed  that  the  vanishing  point  of  the 


<*U.  S.  Dept.  Agr.,  Bureau  of  Chemistry,  Bui.  107,  p.  86. 
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volatile  acids  occurs  when  500  cc  of  distillate  have  passed  over.  On  this  basis  the 
results  show  that  the  proportion  of  volatile  acids  collected  in  the  first  300  cc  of  distil- 
late ranges  from  90  to  95.7  per  cent,  only  four  samples  showing  a  proportion  slightly- 
greater  than  95  per  cent.  Thus,  even  in  the  present  provisional  method  of  the  asso- 
ciation, if  the  entire  apparatus  be  of  fixed  dimensions  and  relations  in  addition  to 
the  other  conditions  stipulated,  a  large  part  of  the  fundamental  error  is  still  retained 
even  by  carrying  the  distillation  to  300  cc.  If  the  distillation  be  conducted  slowly 
and  the  volume  of  the  wine  permitted  to  become  too  large,  an  insufficient  amount  of 
volatile  acids  will  pass  over;  if  the  distillation  be  too  rapid  and  the  volume  of  wine 
be  permitted  to  diminish  too  much,  there  may  occur  an  overheating  and  the  amount 
of  volatile  acids  will  be  too  great.  Finally,  in  order  to  obtain  the  greatest  possible 
concordance  in  results,  the  distillation  must  be  watched  from  beginning  to  end  with 
the  greatest  care. 

It  has  also  been  recognized  that  the  agreement  in  results  obtained  by  several  dis- 
tillations on  a  given  sample  fails  to  reach  as  high  a  degree  as  ought  to  be  expected, 
even  in  approximately  exact  determinations.  When  the  distillations  are  carried 
to  400  cc,  or  even  until  the  vanishing  point  of  acidity  is  fairly  reached,  the  results 
often  fail  to  agree  within  reasonable  limits.  A  difference  in  the  results  of  the  titra- 
tions amounting  to  from  0.3  to  0.5  cc  of  tenth-normal  alkali  has  often  been  noted; 
and  the  differences  are  commonly  far  greater  at  the  close  of  the  200  cc  period,  amount- 
ing to  from  0.6  to  0.8  cc  in  several  instances. 

Briefly,  then,  the  objections  to  the  present  provisional  method  are: 

(1)  The  method  is  complicated,  requiring  rather  elaborate  apparatus  and  tiresome 
supervision. 

(2)  The  prolonged  heating  of  the  wine  by  the  direct  action  of  the  flame  doubtless 
affects  in  some  manner  the  constitution  of  the  acid  ingredients. 

(3)  The  results  do  not  to  a  sufficient  extent  represent  the  total  volatile  acids. 

(4)  The  results  are  not  reasonably  concordant  in  the  hands  of  different  persons  or 
even  in  the  hands  of  a  single  individual. 

Owing  to  these  considerations,  various  chemists  have  proposed  the  abandonment 
of  the  direct  method  of  determining  volatile  acids  in  favor  of  an  indirect  course  of 
procedure.  After  a  prolonged  examination  of  the  relative  merits  of  these  two  general 
methods,  Windisch  «  proposes  the  following: 

Twenty-five  cubic  centimeters  of  wine  are  titrated  in  the  usual  manner  for  total 
acids,  using  litmus  or  litmus  paper  as  indicator.  Another  25  cc  portion  is  then  evap- 
orated on  a  water-bath  in  a  porcelain  dish  to  3  to  5  cc,  the  residue  dissolved  in  about 
25  cc  of  hot  water,  the  liquor  again  evaporated  to  3  to  5  cc,  the  residue  again  dissolved 
in  about  25  cc  of  hot  water,  and  the  liquor  evaporated  a  third  time  to  3  to  5  cc.  Finally, 
the  residue  is  dissolved  in  hot  water  and  the  fixed  acids  titrated,  using  litmus  as  an 
indicator.  From  the  difference  between  these  titrations  the  volatile  acids  are  calcu- 
lated. 

The  advantages  of  this  over  the  present  provisional  direct  method  are  obvious, 
and  have  been  adequately  demonstrated  by  Windisch  and  others.  The  wine  is 
never  heated  above  the  temperature  of  the  water-bath  and  the  volatile  acids  are 
undoubtedly  all  driven  out,  leaving  the  fixed  acids  probably  unchanged.  Further- 
more, the  results  appear  to  be  reasonably  concordant  and  satisfactory.  Various 
modifications  of  the  indirect  method  of  obtaining  the  volatile  acids  have  appeared.  & 

Sellier  c  has  described  a  simple  apparatus  which  consists  of  a  small  wide-neck  flask 
into  which  is  fitted  a  cylindrical-shaped  flask.     In  the  bottom  of  the  latter  flask  is  a 

a  Zts.  Nahr.  Genussm.,  1905,  9:  70. 

6  Methods  proposed  by  Roos  and  Mestrezat,  Guerin,  Curtel,  and  Robin:  Bui.  assoc. 
chim.  sucr.,  1907,  25:  41-49;  J.  pharm.  chim.,  1907,  25:  491-492;  Ann.  chim.  anal., 
1901,  6:  361;  J.  pharm.  chim.,  1904,  19:  531-533. 

cAnn.  chim.  anal.,  1901,  6:  414. 
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small  opening  leading  inward  through  a  siphon-shaped  tube  bent  back  upon  itself 
and  terminating  at  a  point  close  to  the  bottom.  In  making  the  determination,  50  to 
60  cc  of  distilled  water  are  placed  in  the  larger  flask,  the  smaller  flask  fitted  into  the 
wide  neck  by  means  of  a  section  of  rubber  tubing,  10  cc  of  wine  run  in  and  the  water 
heated  to  boiling.  The  steam  passing  through  the  siphon-tube  and  through  the 
wine  carries  out  the  volatile  acids.  No  appreciable  change  in  the  volume  of  the 
wine  takes  place.  When  the  water  is  reduced  to  about  5  cc,  the  flame  is  removed. 
On  cooling  the  apparatus  the  remaining  wine  liquor  is  drawn  down  into  the  larger 
flask.  The  small  flask  is  rinsed  out  with  a  little  hot  water  and  the  two  flasks  discon- 
nected.    The  liquor  is  cooled  and  the  fixed  acids  are  titrated. 

This  method  has  been  employed  in  the  laboratory  of  the  Minnesota  Dairy  and  Food 
Department  in  the  analysis  of  a  number  of  samples  of  wine  and  in  the  investigation  of 
a  dozen  or  more  of  the  common  varieties  of  fruit  juices,  and  has  proven  satisfactory  not 
only  from  the  standpoint  of  convenience  in  manipulation  but  on  account  of  the  fact 
that  results  appear  to  be  relia- 
ble and  concordant.  It  has 
been  noted,  however,  that  in 
this  method  as  in  others  the 
volatile  acids  are  not  collected 
but  are  allowed  to  dissipate 
into  the  air,  and  it  has  seemed 
desirable  to  condense  the  va- 
pors and  titrate  the  volatile 
acids  in  the  distillate.  By 
joining  a  condenser  to  the 
flask  containing  the  sample 
there  is  provided  an  apparatus 
(see  fig.  1)  whereby  may  be 
determined  in  one  operation 
both  the  volatile  and  fixed 
acids  on  the  same  portion  of 
wine. 

The  statement  of  the  method 
proposed  for  total,  volatile,  and 
fixed  acids  is  given  on  page 
13. 

In  the  laboratory  of  the  Cali- 
fornia Wine  Association  the  fol- 
lowing method  of  titration  is 
employed:  a 

Ten  cubic  centimeters  of  wine  are  measured  into  a  500  cc  beaker  without  the  addition 
of  water.  The  wine  is  well  shaken  to  remove  carbon  dioxid  and  titrated  directly 
with  fifth-normal  sodium  hydroxid.  In  the  case  of  heavy-colored  wines,  no  indicator 
is  used;  the  coloring  matter  of  the  wine  indicates  the  end  point  of  the  titration.  In 
the  case  of  white  wines,  the  same  method  of  procedure  is  followed  excepting  that 
a  little  neutral  litmus  is  added.  In  titrating  light-colored  red  wines,  it  may  be  advis- 
able to  add  litmus,  but  the  indicator  is  never  used  unless  absolutely  required. 

A  comparison  of  the  results  obtained  by  the  various  methods  of  determining  total, 
fixed,  and  volatile  acids  is  shown  in  the  accompanying  table.  Total  acids  were  deter- 
mined by  the  California  Wine  Association  method,  by  the  method  of  Windisch  and 
by  the  proposed  new  method  based  on  that  given  by  Breteau.  Removal  of  carbonic 
acid  was  assured  before  any  of  the  methods  were  attempted.  Fixed  acids  were  deter- 
mined by  the  method  of  Windisch,  by  the  method  of  Sellier,  and  by  the  proposed  new 


Fig.  1.— Apparatus  for  determining  volatile  and  fixed  acids  in 
wine. 


a  According  to  letter  received  from  C.  S.  Ash,  chemist,  California  Wine  Association. 
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method  of  titration  after  driving  off  the  volatile  acids  by  steam  distillation.  Volatile 
acids  were  determined  by  the  indirect  method  of  Windisch  and  by  the  proposed  new 
direct  method  of  distilling  by  steam.  In  the  Windisch  methods  the  titrations  were 
made  using  litmus  paper  as  an  indicator  and  in  the  method  of  Sellier,  as  in  the  pro- 
posed new  methods,  phenolphthalein  was  used. 


Comparison  of  methods  for  the  determination  of  total,  fixed,  and  volatile  acids  in  wines. 
[Results  expressed  as  cc  tenth-normal  acid  in  100  cc  of  sample.] 


Kind  of  wine. 

Total  acids. 

Fixed  acids. 

No. 

Method 
of  Cali- 
fornia 
Wine 
Associa- 
tion. 

Meth- 
od of 
Win- 
disch. 

Pro- 
posed 

new 
meth- 
od. 

Calcu- 
lated 
from 
fixed 
and  vola- 
tile acids. 

Meth- 
od of 
Win- 
disch. 

Meth- 
od of 
Sellier. 

Proposed  new 
method. 

Calcu- 
lated from 
total  and 
volatile 
acids. 

Using 
litmus. 

Using 
phenol- 
phthal- 
ein. 

1 
2 
3 

Angelica 

Claret 

Port 

4.30 
7.70 
5.20 
6.00 
4.00 
8.70 
6.70 
7.10 
7.70 
8.90 
5.50 
5.60 
6.80 
5.90 
8.50 

4.16 
7.52 
5.60 
6.36 
4.50 
7.92 
7.58 
8.16 
8.20 
8.44 
5.80 
10.60 
6.30 
6.40 
8.40 

5.80 
9.60 
7.20 
7.45 
5.35 
9.70 
8.55 
9.15 
8.90 
9.55 
6.60 
11.90 
7.10 
7.20 
9.50 

5.80 
9.55 
7.15 
7.50 
5.35 
9.75 
8.60 
9.20 
8.95 
9.60 
6.60 
11.90 
7.10 
7.25 
9.60 

3.32 
6.80 
4.36 
4.80 
2.96 
5.64 
5.48 
6.00 
6.00 
3.60 
7.40 
4.40 
3.60 
6.20 
6.14 

4.90 
8.00 
5.90 
6.15 
3.95 
6.75 
6.40 
7.30 
7.75 
4.80 
9.60 
5.50 
5.70 
7.90 
8.20 

3.40 
7.00 
5.00 
5.20 
3.00 
5.50 
5.00 
6.00 
6.50 
3.70 
8.20 
4.50 
4.00 
6.40 
6.55 

5.00 
8.00 
6.00 
6.10 
3.90 
6.75 
6.50 
6.95 
7.30 
4.40 
9.20 
5.20 
4.80 
7.70 
8.10 

5.00 
8.05 
6.05 

4 
5 
06 
67 
68 
9 
10 

Riesling 

Sherry 

Zinfandel 

Sauterne 

Bordeaux 

Sauterne 

Port 

6.05 
3.90 
6.70 
6.45 
6.90 
7.25 
4.40 

11 
cl2 
d13 

Sherry 

Claret 

Port 

9.20 
5.20 
4.75 

14 
15 

Sherry 

Claret 

7.60 
8.05 

Kind  of  wine. 

Volatile  acids. 

Ratio  of  volatile  to 
fixed  acids. 

No. 

Method  of 
Windisch. 

Proposed  new  method. 

Calculated 

from  total 

and  fixed 

acids. 

According 
to  method 

of 
Windisch. 

According 

Using 
litmus. 

Using 
phenol- 
phthalein. 

to  proposed 

new 

method. 

1 

0.84 
1.72 
1.24 
1.56 
1.54 
1.94 
2.68 
2.20 
2.44 
2.20 
3.20 
1.90 
2.80 
2.20 
1.78 

0.70 
1.40 
.95 
1.15 
1.20 
1.30 
2.10 
1.70 
2.00 
1.90 
2.40 
1.60 
2.00 
1.60 
1.40 

0.85 
1.55 
1.15 
1.40 
1.45 
1.85 
2.70 
2.00 
2.30 
2.20 
2.70 
1.90 
2.45 
1.90 
1.65 

0.80 
1.60 
1.20 
1.35 
1.45 
1.80 
2.65 
1.95 
2.25 
2.20 
2.70 
1.90 
2.40 
1.80 
1.60 

1  : 3.  95 
1  : 3. 95 
1  : 3. 51 
1  : 3. 07 
1  :  1.  92 
1  : 2. 90 
1  : 2. 04 
1  : 2.  73 
1  :  2.  46 
1  :  1.  64 
1  :  2. 31 
1  :  2.  32 
1  : 1.28 
1  : 2. 82 
1  :3.44 

1  : 6.  25 

? 

Claret 

1  : 5. 16 

3 

Port 

1  :  5. 21 

4 

Riesling 

1  :  4. 35 

R 

Sherry 

1  : 2. 69 

flfi 

Zinfandel 

1  : 3. 69 

67 

1  :  2.  40 

68 

1  :  3.  47 

9 

1  : 3. 17 

10 

Port 

1  :  2. 00 

11 

1  :  3.  41 

C]9 

1  :  2.  74 

<*13 

Port 

1  :  1.  96 

14 

1  :  4. 05 

15 

Claret 

1  :  5.0<5 

a  First  six  vines  furnished  by  the  California  Wine  Association,  1908. 
b  7  and  8  obtained  from  local  dealers,  1908,  St.  Paul,  Minn, 
c  9  to  12,  inclusive,  from  a  Rochester,  N.  Y.,  wine  company,  1908. 
d  13  to  15,  inclusive,  from  a  Norfolk,  Va.,  wine  company,  1908. 

The  results  obtained  by  the  California  Wine  Association  method  were  not  satis- 
factory, the  end-point  of  the  titrations  being,  in  most  instances,  very  uncertain. 
In  the  angelicas,  ports,  and  sherrys  especially,  much  difficulty  was  experienced 
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in  carrying  out  the  titrations,  and  the  results  were  scarcely  better  when  litmus  tinc- 
ture was  used.  In  titrating  according  to  the  Windisch  methods  the  point  of  neu- 
trality was  judged  to  be  attained  when  a  small  drop  of  the  liquor  placed  on  delicate 
blue  litmus  paper  just  ceased  to  produce  a  perceptible  red.  There  appeared  to 
be  decided  disadvantages  in  using  litmus  paper,  and  the  use  of  litmus  tincture  even 
in  a  clear  distillate  is  open  to  serious  objections,  which  will  be  stated  presently. 
In  colored  wines  especially  the  difficulties  were  very  great,  and  it  was  found  well- 
nigh  impossible  at  times  to  devise  a  means  whereby  to  judge  with  reasonable  cer- 
tainty the  true  end-point  of  the  titration.  It  was  found,  however,  after  considerable 
practice,  that  fairly  concordant  results  were  obtainable  by  this  method  in  the  ma- 
jority of  instances.  Phenolphthalein,  on  the  other  hand,  while  not  entirely  unob- 
jectionable, was  found  to  give  far  greater  satisfaction.  While  it  was  not  always 
convenient  to  titrate  on  the  undiluted  sample,  especially  in  the  case  of  wines  con- 
taining more  or  less  natural  coloring  matter,  it  was  found  to  be  entirely  permissible, 
as  in  the  titration  of  cider  vinegars,  to  dilute  with  boiled  distilled  water  in  order  to 
carry  out  a  successful  titration  with  phenolphthalein.  It  has  been  shown  that  the 
end-point  of  a  titration  can  be  very  accurately  judged,  even  in  a  deeply-colored 
wine,  and  that  the  addition  of  water  to  the  extent  of  100  or  200  cc  does  not  introduce 
a  serious  error  in  the  result.  As  in  a  cider  vinegar,  the  change  in  the  color  of  a  wine 
occurs  at  a  much  earlier  stage  than  the  change  in  the  indicator  and  there  is  never  a 
serious  difficulty  in  safely  judging  the  end  point. 

As  already  pointed  out,  the  results  shown  in  the  first  column  of  figures  are  at  best 
only  rough  approximations.  In  the  majority  of  instances  it  was  observed  that  when 
litmus  paper  was  used  the  titrations  were  carried  somewhat  beyond  the  point  of 
neutrality  which  seemed  to  be  indicated  by  the  change  in  the  natural  coloring  matter 
of  the  wine.  It  is  also  noted  that  the  results  obtained  by  the  titrations  employing 
litmus  were  uniformly  much  lower  than  the  results  obtained  with  phenolphthalein. 
This  is  true  not  only  in  the  titrations  of  total  and  fixed  acids,  but  also  in  the  direct 
titrations  of  the  volatile  acids.  On  the  basis  of  the  results  obtained  with  phenolph- 
thalein, litmus  indicates  approximately  from  77  to  92  per  cent  of  the  total  acids  and 
from  58  to  85  per  cent  of  the  fixed  acids.  Doubtless  there  are  theoretical  reasons 
underlying  these  differences,  and  the  question  may  well  be  raised  as  to  whether 
chemists  have  given  due  attention  to  these  considerations  in  choosing  indicators  for 
titrating  the  acids  in  wines. 

In  the  first  place,  there  appears  to  be  little  justification  for  the  practice  adopted 
by  some  chemists  of  employing  the  natural  coloring  matter  as  a  correct  indicator  in 
titrating  either  the  total  or  fixed  acids.  Little  of  value  is  known  regarding  the  action 
of  the  oenocyanin  or  other  coloring  substances  in  the  presence  of  acids  or  alkalies, 
and  it  is  certain  that  such  substances  have  not  been  recommended  in  the  titration 
of  any  of  the  common  acids.  In  the  case  of  litmus  also  there  are  some  important 
considerations  which  should  bar  it  as  an  indicator  for  wines  as  well  as  fruit  products 
in  general.  Litmus  is  not  recommended  for  titrating  such  acids  as  tartaric,  acetic, 
tannic,  succinic,  or  malic.  In  titrating  tartaric  acid  with  this  indicator,  the  change 
is  gradual  and  the  end-point  indistinct,  while  in  titrating  acetic  acid,  the  acetate 
of  sodium  formed  is  alkaline  to  litmus  and  tends  strongly  to  hasten  the  end-point. 
On  titrating  solutions  of  tannic  acid,  a  change  takes  place  almost  immediately  on 
beginning  the  titration,  and  only  a  small  proportion  of  the  actual  acid  is  indicated. 
Phenolphthalein,  on  the  other  hand,  is  a  very  satisfactory  indicator  with  all  these 
acids,  and,  with  the  exception  of  tannic  acid,  the  theoretical  amount  of  acid  is  obtained. 
About  80  per  cent  of  tannic  acid  is  indicated,  but  the  total  acid  is  obtained  after 
boiling  with  a  measured  small  amount  of  tenth-normal  hydrochloric  acid. 
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As  a  means  of  shedding  some  light  on  the  differences  occurring  in  titrating  wines 
with  the  two  indicators,  the  determinations  shown  in  the  following  table  have  been 
carried  out: 

Comparison  of  litmus  and  phenolphthalein  as  indicators  in  titrating  some  of  the  organic 

acids  existing  in  wines. 


Description. 

Grams 

Normal  acid  in  100  cc. 

Per  cent  acid  in- 
dicated. 

Acid. 

in  100 
cc. 

Calcu- 
lated. 

Using 
phenol- 
phthalein. 

Using 

litmus. 

Using 
phenol- 
phthalein. 

Using 
litmus. 

Tartaric 

Acetic 

Potassium     bitar- 
trate. 

Tannic 

Tannic 

Eimer  and  Amend 

Mallinckrodt's  99  per  cent. . . 
Eimer  and  Amend 

0.4000 
.  4040 
.4000 

.5000 

cc 
5.33 

6.67 
2.12 

2.79 

cc 

5.35 
6.70 
2.10 

2.20 
2.80 

cc 

5.10 
6.35 
1.90 

.40 
.40 

100.3 
100.4 
99.0 

78.8 
100.3 

95.6 
95.2 
89  6 

J.  T.  Baker  Chemical  Co 

After  boiling  with  dilute 

14.3 
14.3 

hydrochloric  acid. 

Average  (omit- 
ting last  item). 

1 

94.4 

73.6 

The  results  shown  for  volatile  acids  by  the  Windisch  method  (p.  22)  are  somewhat 
higher  than  those  obtained  by  the  proposed  new  method,  using  phenolphthalein. 
Such  discrepancies,  however,  lose  their  significance  when  it  is  considered  that  in 
the  determination  of  volatile  acids  by  the  indirect  method  not  only  are  the  results 
of  the  titrations  employing  litmus  as  indicator  incorrect,  but  the  titrations  of  total 
and  fixed  acids  are  not  made  under  comparable  conditions.  While  it  is  unques- 
tionably true  that  the  volatile  acids  may  be  completely  driven  off  by  repeated  evapo- 
ration in  an  open  dish,  it  does  not  follow  that  the  results  obtained  by  means  of  the 
two  titrations  are  correct.  It  is  conceivable  that  important  changes  may  occur  during 
the  prolonged  heating  of  the  wine  in  order  to  reduce  the  material  a  third  time  to  a 
pasty  consistency.  At  any  rate,  we  have  no  positive  knowledge  that  the  so-called 
fixed  acids  occurring  in  the  final  residue  represent  the  actual  fixed  acids  in  the  original 
wine.  A  titration  of  the  residue  may  suffice  as  an  indication  of  the  acids  remaining 
after  driving  off  the  volatile  constituents  by  prolonged  heating,  but  to  employ  the 
result  of  such  a  titration  as  a  factor  in  the  calculation  of  the  actual  volatile  acids 
appears  to  be  an  unwarranted  proceeding. 

In  expressing  results  of  analysis  the  orthodox  custom  appears  to  be  to  calculate 
the  fixed  and  total  acids  as  tartaric  and  the  volatile  acids  as  acetic.  It  is  impossible 
to  concede  any  advantages  in  favor  of  this  custom.  It  may  be  safe  to  assume  that  in 
wines  the  fixed  acids  are  in  the  main  tartaric  and  the  volatile  acids  acetic;  but,  even 
on  such  assumptions,  the  results  are  strictly  erroneous  and  not  readily  comprehended. 
Such  a  method  applied  to  the  various  fruit  juices  and  ciders  would  fail  to  give  sig- 
nificant results  in  practically  all  cases,  and  the  case  is  still  worse  when  one  adopts 
the  method  of  calculating  the  acids  as  sulphuric.  Instead  of  these  conventional 
methods  it  has  been  found  better  to  adopt  the  plan  of  expressing  all  results  for  total, 
volatile,  and  fixed  acids  in  terms  of  the  number  of  cubic  centimeters  of  normal  acid 
in  a  definite  measure,  say  100  cc,  of  wine.  There  will  then  be  afforded  results  which 
can  be  readily  compared  and  comprehended.  Furthermore,  in  case  it  be  required 
to  calculate  results  in  terms  of  any  particular  acid,  such  an  operation  can  easily  be 

carried  out. 

Recommendations  . 

(1)  The  standard  temperature  for  the  determination  of  specific  gravity  should  be 
changed  to  20°  C.  A  statement  of  reasons  for  this  change  seems  to  be  unnecessary,  as 
the  matter  has  been  fully  discussed  by  others,  and  many  chemists  have  for  some  time 


25 

adopted  the  custom  of  making  determinations  at  a  temperature  not  far  from  that  of  the 
average  laboratory.  If  the  alcohol  tables  can  be  revised  in  accordance  with  a  standard 
temperature  of  20°  C.  for  specific  gravity  determinations,  a  very  useful  service  will  be 
performed,  especially  in  the  interest  of  industrial  and  food  chemists. 

(2)  The  method  for  glycerol  should  be  made  a  subject  for  special  study.  Expe- 
rience has  shown  that  it  is  possible  not  only  to  increase  the  accuracy  of  the  method  but 
to  shorten  the  time  of  the  operation.  As  the  provisional  method  now  stands,  it  appears 
to  be  rather  tedious,  and  there  are  too  many  opportunities  for  error.  A  large  error 
undoubtedly  occurs  during  the  evaporations  as  well  as  during  the  repeated  extractions. 
Also,  it  appears  that  the  residue  weighed  as  glycerol  is  far  from  being  pure. 

(3)  The  present  methods  for  determining  total,  fixed,  and  volatile  acids  are  exceed- 
ingly faulty.  The  method  for  volatile  acids,  especially,  fails  to  give  results  anywhere 
near  the  truth.  The  difficulty  lies  not  only  in  the  collection  of  200  cc  distillate  but 
in  the  operation,  which  is  cumbersome  and  unreliable.  The  use  of  litmus  in  the  titra- 
tions of  total  and  fixed  acids  is  open  to  criticism,  as  that  indicator  fails  to  show  all  of 
the  acids.     A  study  of  the  proposed  new  methods  is  recommended. 

(4)  A  more  comprehensive  scheme  for  the  examination  of  the  natural  coloring  mat- 
ter of  wines  is  required.  Attention  is  called  to  the  use  of  standard  color  charts  as  a 
means  of  obtaining  comparable  results  in  the  hands  of  different  persons.  It  is  rec- 
ommended that  the  association  make  a  special  study  of  the  character  and  properties 
of  the  coloring  matters  existing  in  genuine  wines. 

REPORT  ON  BEER. 
'  By  H.  E.  Barnard,  Associate  Referee. 

Mr.  Barnard,  referee  on  beer,  reported  that  no  cooperative  work 
on  the  subject  had  been  done,  and  made  the  following  statement  in 
regard  to  the  condition  of  the  methods: 

Two  years  ago  I  presented  beer  methods  which  have  since  been  adopted  as  provi- 
sional .  I  have  been  working  with  those  methods  since  that  time  and  find  no  special 
necessity  for  changing  them.  For  that  reason  I  have  not  made  a  special  report  on 
beer.  Much  work,  however,  seems  to  be  necessary  if  we  must  determine  the  different 
kinds  of  beer,  and  I  would  only  suggest  to  you  the  necessity  for  a  careful  study  of 
methods  of  beer  analysis  with  special  reference  to  the  adoption  of  some  method  which 
will  enable  us  to  tell  more  accurately  than  is  at  present  possible  whether  or  not  beer 
is  brewed  from  all  malt,  or  part  malt,  or  from  malt  substitutes. 


REPORT  ON    DISTILLED    LIQUORS:    COOPERATIVE    TEST    OF 
METHODS  FOR  THE  DETERMINATION  OF  FUSEL  OIL. 

By  L.  M.  Tolman,  Associate  Referee. 

The  cooperative  work  undertaken  this  year  was  a  comparison  of  the  present  Allen- 
Marquardt  method,  as  given  in  Bulletin  107,  revised,  page  98,  and  a  proposed  modi- 
fication worked  out  by  the  associate  referee  and  his  assistants.  The  modification  was 
based  on  the  determination  of  the  amount  of  bichromate  reduced  in  the  oxidation  of 
the  higher  alcohols.  This  method  eliminates  the  distillation  of  the  acids,  which  the 
experiments  made  have  shown  are  not  completely  distilled  off.  In  order  to  test  this 
modified  method  (for  details  see  paper,  p.  206)  a  series  of  samples  was  prepared  con- 
taining varying  amounts  of  pure  amyl  alcohol  (boiling  point  131°  C.)  in  approximately 
50  per  cent  by  volume  ethyl  alcohol,  and  the  samples  sent  to  eighteen  different  labo- 
ratories, asking  for  a  comparison  of  the  modified  method  with  the  present  method  as 
given  in  Bulletin  107.     Eleven  reports  were  received,  and  the  following  table  gives 
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the  results,  the  percentage  yields  being  calculated  from  the  grams  of  amyl  alcohol  per 
100,000  of  100-proof  alcohol,  as  determined  by  each  method. 

Comparison  of  the  Allen-  Marquardt  method  and  the  pro  posed  modification  for  the  determina- 
tion of  fusel  oil,  using  varying  amounts  of  amyl  alcohol. 
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Washington  laboratory 
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a  Excluded  from  average. 

Some  of  the  results  obtained  at  laboratories  which  had  not  had  experience  in  operat- 
ing the  method  varied  markedly  from  the  other  figures  and  are  omitted  from  the  aver- 
age. The  averaged  results  on  the  various  amounts  by  both  methods  are  plotted,  using 
as  the  abscissa  of  the  curves  the  amount  of  amyl  alcohol  used  in  grams  per  100,000  of 

proof  spirit  and  as  ordi- 
nates  the  average  percentage 
yield. 

This  curve  (fig.  2)  shows 
that  the  new  modification 
gives  uniformly  higher  re- 
sults, indicating  a  regular 
loss  in  the  old  method .  This 
loss  is  undoubtedly  largely 
due,  as  is  shown  by  the  ex- 
periments, to  the  failure  to 
drive  over  all  of  the  volatile 
acids  in  the  distilling  method 
unless  a  much  larger  amount 
of  water  is  distilled  than  that 
prescribed  in  the  present  pro- 
visional method.  A  very 
much  higher  yield  of  acids 
is  obtained  by  carrying  the  distillation  much  further,  as  is  pointed  out  in  the  sup- 
plementary paper  submitted  on  this  subject  (p.  206) .  There  is  also  shown  a  uniformly 
increasing  loss  by  both  methods  as  the  per  cents  of  amyl  alcohol  increase.  This  is 
doubtless  due  to  the  method  of  extraction,  as  a  100  per  cent  yield  can  be  obtained  in 
the  oxidation  part  of  the  method,  as  was  demonstrated  in  the  experimental  work  on  the 
determination  of  the  factor  0 .001773  (see  p .  2 10) .  From  these  results  it  is  evident  that  a 
higher  yield  is  due  to  the  more  correct  estimation  of  the  higher  alcohols  present  in  the 
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Fig.  2. — Graphic  of  collaborators'  results  on  amyl  alcohol  by  the 
Allen-Marquardt  method  and  the  proposed  modification. 
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carbon  tetrachlorid  extract.  The  curve  also  shows  that  the  collaborators  obtained 
more  uniform  results  from  the  new  modification  than  from  the  method  as  originally- 
stated.     It  may  be  concluded,  therefore,  that— 

(1)  The  modified  method  gives  higher  and  more  uniform  results. 

(2)  It  eliminates  a  tedious  and  inaccurate  distillation. 

(3)  It  is  quicker  and  gives  an  opportunity  to  make  check  titrations  on  the  same 
sample. 

Recommendations  . 

As  a  result  of  this  year's  work,  including  that  reported  on  page  206,  it  is  recom- 
mended— 

(1)  That  this  modification  of  the  Allen-Marquardt  method  be  adopted  as  a  pro- 
visional method  (see  p.  210). 

(2)  That  in  the  present  method  a  second  washing  with  sodium  sulphate  be  pre- 
scribed. 

(3)  That  the  method  for  determining  the  water-insoluble  color  be  adopted  as  a 
provisional  method  (see  p.  207). 

(4)  That  the  method  for  the  determination  of  amyl  insoluble  color  be  adopted  as 
provisional  (quantitative  Marsh  test  method,  p.  206). 

(5)  That  the  Roese  method  given  in  Bulletin  107,  page  97,  be  dropped  as  a  pro- 
visional method  on  account  of  the  entirely  unsatisfactory  results  obtained  with  it  in 
the  past  two  or  three  years. 

Mr.  Tolman  called  on  Mr.  Fischer,  of  the  Bureau  of  Standards,  who 
spoke  in  regard  to  the  necessity  of  unifying  the  alcohol  tables.  He 
called  attention  to  the  fact  that  two  tables  are  now  in  use  by  the 
Treasury  Department  and  a  third  by  the  Association  of  Official 
Agricultural  Chemists.  The  disadvantages  to  chemists  and  practical 
workers  from  such  a  condition  of  affairs  being  obvious,  it  was  strongly 
recommended  that  the  association  take  some  action  in  the  matter. 
A  table  based  on  the  calculations  of  Mendeleeff  was  recommended  by 
Mr.  Fischer.  The  question  of  temperature  was  also  discussed,  and 
the  whole  matter  was  temporarily  referred  to  Committee  C  on  recom- 
mendations of  referees,  the  chairman  naming  the  following  members 
to  serve  on  this  committee:  Messrs.  Tolman,  Winton,  Hortvet,  Bart- 
lett,  and  Jaffa. 

REPORT  ON  VINEGAR. 

By  Charles  H.  Hickey,  Associate  Referee. 

The  work  which  has  been  done  by  or  reported  to  the  referee  deals  largely  with  the 
lead  number  for  pure  cider  vinegar  and  other  pure  vinegars.  The  cider  vinegars  used 
by  the  referee  were  made  by  the  old-fashioned,  slow  process.  The  method  employed 
is  similar  to  the  one  by  which  Winton  and  Kreider«  analyzed  maple  products,  with 
some  modifications  to  make  it  applicable  to  vinegar.  The  number  of  grams  of  lead 
precipitated  by  100  cc  of  vinegar  is  taken  as  the  lead  number.  Other  data  are  included 
to  make  the  results  more  complete.  The  method  as  modified  by  the  referee  is  as 
follows: 

Pipette  25  cc  of  vinegar  into  a  100  cc  flask;  add  5  cc  of  a  standard  lead  subacetate 
solution  and  dilute  to  100  cc.  Let  stand  at  least  one  horn*,  then  filter  and  pipette  out 
50  cc  of  the  clear  filtrate.  To  this  add  10  cc  of  dilute  sulphuric  acid  and  100  cc  of  95 
per  cent  alcohol;  let  stand  over  night;  filter  through  a  porcelain  gooch  crucible;  wash 

a  J.  Amer.  Chem.  Soc,  1906,  28  :  1204. 
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with  95  per  cent  alcohol;  dry  at  a  moderate  heat  for  a  few  minutes,  cool  and  weigh. 
Calculate  the  amount  of  lead  in  the  precipitate  (factor  0.6829)  and  subtract  this  from 
the  amount  in  2.5  cc  of  the  standard  solution  as  determined  on  a  olank  test,  and  divide 
the  remainder  by  0.125,  thus  obtaining  the  lead  number. 

The  standard  lead  subacetate  used  in  this  work  is  prepared  as  follows:  Dilute  a 
U.  S.  P.  lead  subacetate  solution  until  the  specific  gravity  is  1.25;  to  one  part  of  this 
add  four  parts  of  water  and  filter.  If  the  solution  becomes  cloudy,  filter  before  using, 
and  determine  its  strength  frequently.  The  referee  found  that  the  strength  changed 
but  little. 

Mr.  E.  M.  Bailey  of  the  agricultural  experiment  station  at  New  Haven,  Conn.,  has 
reported  work  which  he  did  independently  on  different  kinds  of  samples  of  vinegar 
of  known  purity.  He  includes  other  data  in  his  results,  especially  those  on  testing  a 
recent  method  for  the  determination  of  malic  acid  which  was  formerly  applied  to  maple 
products. «  He  found  that  by  using  this  method  more  malic  acid  can  be  recovered 
than  by  the  old  calcium  chlorid  method.  The  method  for  determining  the  lead 
number  is  as  follows: 

Measure  50  cc  of  vinegar  into  a  100  cc  flask,  add  25  cc  of  lead  subacetate  (dilute 
solution  used  by  Winton  and  Kreider)  make  up  to  the  mark  and  filter.  To  10  cc  of 
the  filtrate  add  1  cc  of  concentrated  sulphuric  acid,  40  cc  of  water  and  100  cc  of  95  per 
cent  alcohol.     Filter  after  12  hours,  ignite,  and  weigh. 

The  amount  of  lead  in  the  blank  test  is  determined  by  diluting  25  cc  of  the  lead  sub- 
acetate solution  to  100  cc;  10  cc  are  taken  out  and  the  lead  number  determined  as  in  the 
method  just  given. 

The  modified  method  for  malic  acid  as  applied  to  vinegar  is  as  follows: 

To  10  cc  of  vinegar  add  an  equal  volume  of  water,  3  cc  of  a  10  per  cent  solution  of 
calcium  acetate,  and  180  cc  of  95  per  cent  alcohol.  Heat  on  the  steam  bath  for  from 
20  to  30  minutes,  stirring  vigorously  at  intervals  to  insure  a  clear  supernatant  liquid. 
Filter  on  589  S  and  S  paper,  wash  with  85  per  cent  alcohol,  and  ignite.  Dissolve  in 
excess  of  tenth-normal  hydrochloric  acid  (10  cc)  by  gentle  boiling,  and  continue  to 
boil  for  about  10  minutes.  Cool  and  titrate  with  tenth-normal  sodium  hydroxid, 
using  methyl  orange  as  indicator. 

The  results  of  the  work  of  the  referee  and  those  of  Mr.  Bailey  appear  in  the  accom- 
panying table.  This  shows  the  variation  in  the  amount  of  lead  precipitated  by  the 
different  vinegars.  In  the  case  of  malt  vinegar,  the  results  tend  to  run  high;  while 
those  of  the  sirup  and  distilled  vinegar  are  very  low. 

It  should  be  noted  that  in  the  case  of  malic  acid  determinations,  which  are,  of 
course,  not  properly  such  on  malt  and  sirup  vinegar,  misleading  results  may  be  ob- 
tained and,  in  the  case  of  a  suspected  sample,  the  malic  acid  determination  would 
have  to  be  confirmed  by  the  procedure  recommended  by  Leach  and  Ly thgoe . & 

In  comparing  the  figures  for  malic  acid,  phosphates,  and  the  lead  number  as  worked 
out  by  Mr.  Bailey,  it  is  his  opinion  that  a  closer  relation  exists  between  the  phosphate 
content  and  the  lead  number  than  between  the  malic  acid  value  and  the  lead  number. 
The  three  highest  lead  numbers  are  associated  with  the  three  highest  total  phosphate 
values;  the  same  is  true  of  the  three  lowest  figures  in  each  case.  That  this  does  not 
follow,  however,  in  the  case  of  lead  numbers  and  malic  acid  values  would  seem  to 
indicate  that  the  precipitate  produced  on  adding  lead  acetate  to  vinegar  is  due  rather 
to  the  phosphates  than  to  the  malates.  This  is  in  accordance  with  the  statement  of 
Leach  and  Lythgoe  c  that  the  precipitate  produced  by  lead  acetate  is  not  entirely  due 
to  malic  acid.     Tolman  and  Le  Clerc  d  are  also  of  this  opinion. 

The  other  data  for  pure  cider  vinegar,  included  in  the  table,  are  fairly  typical,  and 
in  addition  to  the  old  figures  the  new  ones  for  the  lead  number  are  of  interest. 

a  J.  Amer.  Chem.  Soc,  1908,  30  :  1285. 

&  J.  Amer.  Chem.  Soc,  1904,  26  :  379. 

c  J.  Amer.  Chem.  Soc,  1904,  26  :  380. 

d\J.  S.  Dept.  Agr.,  Bureau  of  Chemistry,  Bui.  99,  p.  89. 
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Analyses  of  samples  of  vinegar  of  known  purity. 

C.  H.  HICKEY. 
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.103 
.109 

a.  098 
.129 
.106 
.087 
.103 
.076 
.109 

2 

do 

3 

do 

do 

1.44 
2.69 
1.50 
1.70 

5.16 

8.70 
5.06 
4.57 
4.60 
5.62 
5.78 
6.30 
7.84 
6.24 
5.74 
3.00 
5.80 
4.84 
4.60 
4.72 
7.28 

:::::: ::::::!:::::: :::::::::: 

4 

5 

do 

do 

0.19 
.38 
.35 
.38 
.32 
.37 
.48 
.40 
.30 
.34 
.46 

".'32' 

'"."46" 

6 

0.13 

.24 
.12 
.21 
.22 
.11 
.12 
.14 
.09 
.14 
.16 
.10 
.12 
.13 

0.13       7.6 

-1.10 
-1.87 
-1.54 
-0.88 
-1.43 
-1.21 
-0.88 
-1.10 
-0.77 
-0.88 
-0.88 
-0.88 
-1.10 
-1.08 

7 

do !  2.18 

do                 1-75 

.24 
.10 
.19 
.20 
.11 
.12 
.13 
.09 
.18 
.16 
.10 
.11 
.11 

11.4 
6.3 
10.1 
10.2 
5.2 
6.5 
7.7 
6.0 
8.3 
9.3 
7.4 
7.2 
6.7 

8 

9 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

...do 

1.98 
2.04 
2.10 
1.86 
1.76 
1.50 
1.94 
1.73 
1.35 
1.60 
1.80 

10 

11 

12 

13 

14 

15 

16 

17 

1 

18 

19 

20 

1 



1 

E.  M.  BAILEY. 
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Cider  vinegar 

1.50 
2.52 
2.34 
2.34. 

2.77 

"3.'45" 
2.40 
2.79 
1.69 

0.25 
1.17 
1.60 

0.073 
.129 
.121 
.411 
.296 
.198 
.221 
.399 

0.075 

22 

do 

do 

do 

do 

do 

do 

do 

1.01 

.95 
.50 
.86 
.87 
.62 
1.12 

1.04 
.99 
.53 
.93 
.89 
.64 

1.14 

40.0 
41.4 
21.3 
32.5 

15.1 
15.9 
16.6 
26.9 
46.1 
18.4 
30.0 

10.2 
9.0 
6.7 
13.8 
39.9 
10.8 
16.9 

.116 

23 

.088 

24 

25 

.148 

.174 

26 

.290 

27 

.122 

28 

32.3 

.220 

29 

5.74 

0.06 

.434 

30 

do 

do 

Distilled  white 

.90 
.08 
.01 
.19 

.97 
.09 
.02 
.20 

33.3 
5.3 

8.0 
17.0 

.230 
.120 
.016 
.069 

106.2 

31.5 

5.9 

12.8 

17.8 

14.6 

3.3 

1.8 

.548 

31 

.158 

32 
33 

.018 
.021 

34 

do.b 

4.48 

.015 

a  Incompletely  acetified 


b  Not  analyzed  by  E.  M.  Bailey. 


REPORT  ON  FLAVORING  EXTRACTS. 

By  E.  M.  Chace,  Associate  Referee. 

No  report  on  flavoring  extracts  was  submitted  by  the  referee  last  year,  owing  to  the 
fact  that  only  a  very  limited  amount  of  work  was  done,  and  the  report  this  year  includes 
also  the  work  submitted  by  collaborators  in  1907. 

Work  of  1907. 

In  1907  the  following  samples  were  sent  to  collaborators,  with  the  usual  instructions. a 

No.  1.  Blank  containing  no  lemon  oil  or  citral. 

No.  2.  Alcohol  1,900  grams,  lemon  oil  100  grams. 

No.  3.  Lemon  oil  used  in  preparing  No.  2. 

No.  4.  Alcohol  2,000  grams,  vanillin  2  grams,  coumarin  2  grams,  acetanilid  1  gram. 

No.  5.  Extract  prepared  from  Mexican  vanilla  beans  by  the  IT.  S.  P.  method. 

aThe  methods  for  citral  were  the  same  as  those  reported  for  1908,  see  page  32;  for 
vanilla  methods  see  Bui.  107,  p.  156. 
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Reports  were  received  in  all  from  seven  collaborators,  and  the  results  are  tabulated 
as  follows: 

Citral  determinations  in  lemon  extracts  and  oil,  1907. 


Collaborator. 


Sample  1.   ■ 


Sample  2. 


Sample  3. 


A.  P,  Sy,  Washington,  D.  C. 

B.  H.  Smith,  Boston 

C.  S.  Brinton,  Philadelphia.. 
A.  F.  Seeker,  New  York 

Do.  a 

L.  A.  Brown,  North  Dakota. 
W.  A.  Syme,  North  Carolina. 


Per  cent. 

None 
Trace 
Not  reported 
0.01 


.00 
.027 


Per  cent. 
0.16 
.300 
.322 
.226 
.209 
.229 
.126 


Per  cent. 

5.23 
6.12 

Not  reported 
4.61 
4.50 
5.41 
3.50 


a  Using  ice  water  bath. 


COMMENTS    OF   THE    ANALYSTS. 

A.  P.  Sy:  Sample  No.  2 — oil  globules  had  separated  in  original  sample.  Shook 
well  before  making  determination. 

B.  H.  Smith:  These  were  the  first  samples  personally  examined  by  this  method  and 
I  have  not  found  time  to  repeat  the  work  as  was  intended  before  reporting  results. 

C.  S.  Brinton,  and  T.  F.  Pappe:  We  desire  to  state  several  points  which  will  probably 
have  a  bearing  on  the  value  of  these  results:  First,  the  metaphenylene  diamin  hydro- 
chlorid  at  our  disposal  showed  signs  of  being  somewhat  decomposed  and  the  aldehyde-free 
alcohol,  as  a  result,  gave  a  quite  marked  coloration  with  the  reagent.  Second,  although 
we  allowed  several  days  to  elapse  before  making  up  to  volume  our  fuchsin  sulphur 
dioxid  reagent,  it  did  not  become  colorless  but  showed  a  deep  lemon  yellow  tint. 

A.  F.  Seeker:  In  laboratories  where  constant  temperature  baths  are  not  at  hand 
and  when  only  occasional  citral  determinations  are  required,  it  will  be  found  much 
more  convenient  to  use  ice  water  for  immersion  of  reagents  and  colorimeter  tubes. 
Provided  the  standard  and  the  unknown  solutions  were  subjected  to  the  same  condi- 
tions it  was  thought  that  the  results  might  be  as  accurate.  To  test  this,  the  constant 
temperature  bath  was  used  in  one  set  of  determinations  and  in  the  other  an  ordinary 
ether  can  filled  with  water  in  which  a  piece  of  ice  was  constantly  kept.  The  latter 
requires  no-  watching  and  the  color  develops  less  rapidly,  making  it  possible  to  read  a 
solution  containing  three  milligrams  of  citral  without  difficulty .  At  15°  the  color  devel- 
oped by  three  milligrams  is  a  little  too  intense.     Results  at  15°  are  slightly  higher. 

In  preparation  of  aldehyde-free  alcohol,  it  was  found  that  three  grams  of  meta- 
phenylene diamin  hydrochlorate  per  liter  *  *  *  was  sufficient  provided  the  alcohol 
was  boiled  for  eight  hours  and  allowed  to  stand  over  night.  *  *  * 

To  ascertain  to  what  extent  the  aldehyde  in  commercial  spirits  used  for  making  up 
extracts  might  affect  the  citral  determinations,  a  sample  of  ordinary  95  per  cent 
alcohol  was  run  in  the  same  manner  as  an  extract.  It  showed  aldehyde  equivalent  to 
0.031  gram  citral.  Results  obtained  with  extracts  may  thus  be  a  little  higher  than 
the  truth  for  this  reason. 

Linwood  A.Brown:  In  the  determination  of  citral  by  the  fuchsin  method,  the  greatest 
objection  to  it  is  in  obtaining  alcohol  perfectly  free  from  aldehydes.  The  Dunlap 
method  failed  to  give  a  perfectly  aldehyde-free  alcohol  even  after  three  times  on  the 
same  samples  of  alcohol,  i.e.,  the  alcohol  was  subjected  to  the  method  three  successive 
times. 

The  metaphenylene  diamin  hydrochlorid  method  gives  the  best  results  for  this 
determination. 

W.  A.  Syme:  Commenting  on  the  method  for  lemon  extracts,  I  would  say  that  the 
method  for  purifying  the  alcohol  (with  metaphenylene  diamin)  did  not  yield  an 
alcohol  that  would  not  produce  a  color  with  fuchsin  solution  on  two  trials.  This 
lessens  the  accuracy  of  the  work.  I  would  suggest  that  other  methods  of  preparing 
alcohol  be  studied  and  that  other  solvents  be  tried. 

A  glance  at  the  table  is  sufficient  to  show  that  the  results  obtained  in  1907  were  prac- 
tically of  no  value.  The  discordant  figures  on  sample  No.  2  are  in  part  explained  by 
the  fact  that  this  extract  was  made  up  in  85  per  cent  alcohol  and  it  was  found  later 
that  globules  of  oil  had  separated  and  were  floating  on  the  surface.  This  fact  is  noted 
in  the  comments  of  Mr.  Sy,  who  analyzed  the  sample  some  time  after  it  had  been 
made  up. 

The  only  other  explanation  offered,  is  that  the  analysts  were  not  familiar  with  the 
method.     So  far  as  is  known  Mr.  Seeker  is  the  only  collaborator  who  had  had  any  such 
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experience  and  his  results  on  samples  Nos.  2  and  3  are  very  close  to  the  theoretical 
figures.     The  following  results  were  obtained  on  samples  Nos.  4  and  5 : 

Analyses  of  vanilla  extract,  1907. 


Collaborator. 


Sample  No.  4. 


Vanillin. 


Coumarin. 


Acetani- 
lid. 


Sample 
No.  5. 


Vanillin. 


J.  M.  Bartlett,  Maine 

A.  L.  Nehls,  Illinois 

A.  P.  Sy,  Washington,  D.  C 

T.  F.  Pappe,  Philadelphia 

J.  C.  Olsen,  New  York 

L.  A.  Brown,  North  Dakota 

Theoretical  amount  present 

Average 

Greatest  difference  above  amount  present 

Greatest  difference  below  amount  present 

Difference  between  maximum  and  minimum 


Per  cent. 
0.122 
&.244 
.083 
.098 
.112 
.106 
.0997 
.104 
.022 
.014 
.039 


Per  cent. 
0.079 
.075 
.076 
.080 
.066 
.082 
.0997 
.076 


.034 
.014 


Per  cent. 
0.056 
.045 
.022 
.031 
.016 
.021 
.0498 
.032 
.006 
.004 
.040 


Per  cent. 
O0.133 
.130 


.103 
.145 
.112 


.125 
"022 


a  Also  reported  0.014  per  cent  coumarin  in  this  sample 


Omitted  from  averages. 


COMMENTS    OF   THE    ANALYSTS. 

A.  L.  Nehls:  It  would  be  much  more  accurate  to  determine  the  specific  gravity  of  the 
solution,  and  pipette  off  a  known  volume  for  analysis.  It  was  found  in  this  work  that 
solution  No.  4,  standing  in  the  beaker  on  the  balance  pan  for  five  minutes  lost  10  mg. 
This  means  that  under  ordinary  conditions  the  third  decimal  place  in  the  result  is 
meaningless. 

In  this  laboratory  we  use  a  new  test  for  coumarin  which  was  originated  by  Doctor 
Bryan.  It  depends  on  the  fact  that  a  drop  of  alcoholic  potash  solution  containing 
20  grams  of  potassium  hydroxid  to  a  liter  will,  when  placed  on  crystals  of  coumarin, 
give  a  lemon  yellow  color.  This  color  is  very  intense,  but  disappears  rapidly. 
Neither  vanillin  nor  acetanilid  is  affected  by  the  reagent.  The  test  is  applied 
directly  on  the  crystals  by  using  a  glass  rod  for  a  dropper,  and  the  results  have  always 
been  much  more  satisfactory  than  those  obtained  by  any  other  test,  because  of  its 
great  delicacy.  Both  vanillin  and  coumarin  give  a  yellow  solution  on  standing  for 
some  time,  but  the  crystals  of  vanillin  remain  uncolored  until  dissolved,  while  the 
coumarin  crystals  are  intensely  colored. 

The  color  tests  for  acetanilid  are  not  as  satisfactory  as  they  might  be.  In  this  work 
we  found  the  polarizing  microscope  of  the  greatest  use.  There  is  little  danger  of 
confusing  either  of  the  three  crystals  which  are  likely  to  occur  in  a  vanilla  extract. 
The  discrepancies  in  the  results  for  vanillin  are  quite  usual  where  the  crystals  are 
weighed  directly  from  an  ether  solution.  They  seldom  come  out  well,  usually  being 
colored,  often  nearly  black.  This  can  be  remedied  by  another  extraction,  not  with 
ether. 

A.  P.  Sy:  On  testing  this  residue  for  acetanilid ,  (Ritsert's  tests)  no  reaction  for  same 
could  be  obtained.  As  only  25  grams  extract  are  taken,  the  residues  actually  obtained 
were  0.0029  gram  and  0.0026  gram  for  the  duplicates.  Using  4  mg  of  pure  acetanilid, 
no  reaction  could  be  obtained  by  Ritsert's  tests  as  given  in  Bui.  107.  Using  chlorin 
water  (U.  S.  P.)  instead  of  a  solution  of  chlorinated  lime  (1  :  200)  a  good  reaction  was 
obtained  with  4  mg  acetanilid ;  2  mg  gave  fair  test .  The  chlorin  water  is  mixed  with  the 
acetanilid;  a  pink  color  forms  in  a  few  seconds,  changing  gradually  to  a  purple  and 
finally  to  a  blue. 

J.  C.  Olsen:  Vanillin:  The  residue  of  the  ether  extraction  for  vanillin  almost  inva- 
riably contains  a  large  amount  of  resin  and  other  impurities.  It  has  always  been 
our  custom  to  extract  the  vanillin  with  petroleum  ether  and  deduct  the  residue  from 
the  weight  of  impure  vanillin.  It  will  be  noted  that  the  difference  in  results  is  consid- 
erable. In  18  determinations  the  impurity  with  the  vanillin  has  varied  from  2  to  30 
mg,  the  average  being  10.4  mg. 

We  have  also  found  that  an  easier  drying  residue  of  vanillin  has  been  obtained  by 
extraction  from  the  2  per  cent  ammonia  solution  with  chloroform. 

Coumarin:  For  the  separation  of  coumarin  and  acetanilid  we  have  been  unable  to 
obtain  petroleum  ether  with  a  boiling  point  30-40°  C.  We  have  used  gasoline,  86° B. 
On  fractionating  this  naphtha,  fractions  boiling  at  35-40,  40-45,  45-50,  50-60,  etc., 
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have  been  obtained.     It  has  been  our  experience  that  the  higher  boiling  fractions 
extract  coumarin  as  well  as  vanillin  fully  as  well  as  the  lower  boiling  fractions. 

Acetanilid:  According  to  the  official  method  this  substance  is  to  be  looked  for  with 
the  vanillin  only  when  it  has  been  found  with  the  coumarin.  In  one  of  these  three 
analyses  of  No.  4  reported  all  of  the  acetanilid  was  found  with  the  vanillin. 

The  figures  given  by  Mr.  Olsen  on  vanillin  by  extraction  with  petroleum  were  as 
follows:  No.  4,  0.080;  No.  5,  0.054,  from  which  it  would  appear  that  the  extraction 
was  not  prolonged  sufficiently. 

Linwood  A.  Brown:  Sample  No.  5:  The  vanillin  in  this  sample  was  somewhat 
impure  owing  to  coloring  matter  from  which  I  was  unable  to  purify  it. 

The  results  would  seem  to  show  that  as  far  as  vanillin  is  concerned  the  method  is 
satisfactory.  The  average  on  both  vanillin  and  coumarin,  however,  indicates  that 
some  of  the  latter  is  weighed  as  vanillin.  The  coumarin  figures  are  uniformly  low,  as 
are  those  for  acetanilid,  with  one  exception.  One  collaborator  reports  entire  failure 
of  the  Ritsert's  test  for  acetanilid  as  given  in  the  provisional  methods,  and  suggests  a 
modification. 

Work  op  1908. 

The  work  for  1908  was  confined  to  the  colorimetric  method  for  the  determination  of 
citral  in  lemon  extracts.  Fifteen  sets  of  samples  were  sent  out  to  collaborators  who  had 
previously  worked  with  the  method,  and  reports  have  been  received  from  twelve. 
As  the  method  had  been  rather  severely  criticised  by  some  of  the  members  of  the 
American  Extract  Manufacturers'  Association,  they  were  invited  to  name  two  col- 
laborators, and  selected  Mr.  Edward  Kremers,  of  the  Wisconsin  State  College,  and 
Mr.  Baer,  of  St.  Louis.  Samples  were  sent  to  both,  and  Mr.  Kremers  forwarded 
his  set  to  I.  W.  Brandel,  of  the  University  of  Washington.  The  following  description 
of  the  method  to  be  used  was  sent  to  each  collaborator : 

DETERMINATION    OP   CITRAL   IN   LEMON    EXTRACT. 

Reagents. 

Aldehyde-free  alcohol. — Allow  alcohol  (95  per  cent  by  volume)  containing  5  grams  of 
metaphenylene  diamin  hydrochlorid  per  liter  to  stand  for  twenty-four  hours  with 
frequent  shaking.  (Note,  nothing  is  gained  by  previous  treatment  with  potassium 
hydroxid.)  Heat  under  a  reflux  cooler  for  at  least  eight  hours,  longer  if  possible 
(often  twenty-four  hours  are  necessary),  allow  to  stand  over  night  and  distil,  rejecting 
the  first  10  and  last  5  per  cent  which  come  over.  Store  in  a  dark,  cool  place  in  well- 
filled  bottles. 

Fuchsin  solution. — Dissolve  one-half  gram  of  fuchsin  in  250  cc  of  water,  add  an 
aqueous  solution  of  S02  containing  16  grams  of  the  gas  and  allow  to  stand  until  colorless, 
make  up  to  one  liter  with  distilled  water.  This  solution  should  stand  twelve  hours 
before  using  and  should  be  discarded  after  three  days. 

Standard  citral  solution. — One  milligram  of  c.  p.  citral  per  cubic  centimeter  in  50  per 
cent  by  volume  aldehyde-free  alcohol. 

Apparatus. 

A  cooling  bath. — To  be  kept  at  from  14°  C.  to  16°  C.  The  aldehyde-free  alcohol, 
fuchsin  solution,  and  comparison  tubes  are  to  be  kept  in  this  bath. 

Colorimeter. — Any  form  of  colorimeter  using  a  large  volume  of  solution  and  adapted 
to  rapid  manipulation  may  be  used. 

The  comparison  may  also  be  made  in  Nessler  or  Hehner  tubes. 

Manipulation. 

Preliminary  determination. — Weigh  in  a  stoppered  weighing  flask  approximately  25 
grams  of  extract,  transfer  to  a  50  cc  flask  and  make  up  to  the  mark  at  room  temperature 
with  aldehyde-free  alcohol.  Measure  at  room  temperature  and  transfer  to  a  compari- 
son tube  2  cc  of  this  solution,  add  25  cc  of  the  aldehyde-free  alcohol  (previously  cooled 
in  the  bath)  then  20  cc  of  the  fuchsin  solution  (also  cooled)  and  finally  make  up  to  the 
50  cc  mark  with  more  aldehyde-free  alcohol.  Mix  thoroughly,  stopper,  and  place  in 
the  cooling  bath  for  fifteen  minutes.  Prepare  a  standard  for  comparison  at  the  same 
time  and  in  the  same  manner  using  2  cc  of  the  standard  citral  solution.  Remove  and 
compare  the  colors  developed.     Calculate  the  amount  of  citral  present  and  repeat 
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the  determination  using  a  quantity  sufficient  to  give  the  sample  approximately  the 
strength  of  the  standard.  From  this  result  calculate  the  amount  of  citral  in  the  sample. 
If  the  comparisons  are  made  in  Xessler  tubes,  standards  containing  1,  1.5,  2,  2.5,  3,  3.5, 
and  4  mg  should  be  prepared  and  the  trial  comparison  made  against  these,  the  final 
comparison  being  made  with  standards  between  1.5  and  2.5  mg  varying  but  one-fourth 
of  a  milligram. 

The  following  points  are  to  be  especially  noted : 

The  aldehyde-free  alcohol  (25  cc)  on  standing  for  20  minutes  in  the  cooling  bath  with 
the  fuchsin  solution  (20  cc)  should  develop  only  a  faint  pink  coloration.  If  a  stronger 
color  is  developed,  treat  again  with  metaphenylene-diamin  hydrochlorid. 

It  is  absolutely  essential  to  keep  the  reagents  and  comparison  tubes  at  the  required 
temperature.  Comparisons  should  be  made  within  one  minute  after  removing  the 
tubes  from  the  bath.  Where  the  comparisons  are  made  in  the  bath  (this  is  possible 
only  where  the  bath  is  glass)  the  standards  should  be  discarded  within  twenty-five 
minutes  after  adding  the  fuchsin  solution.  Give  samples  and  standards  identical 
treatment. 

Xote  on  samples  colored  with  turmeric  whether  or  not  the  color  interferes  with  the 
comparisons.  On  samples  2  and  3,  after  making  determinations  on  the  samples  sent, 
repeat  them,  removing  the  colors  as  follows:  After  weighing  the  sample  to  be  used  for 
analysis  in  a  glass  stoppered  weighing  bottle,  add  a  drop  of  concentrated  hydrochloric 
acid  and  a  small  piece  of  fat-free  woolen  cloth,  stopper  and  allow  to  stand  over  night. 
Remove  the  cloth  washing  with  aldehyde-free  alcohol  and  determine  the  citral  in  the 
colorless  solution  as  usual.  Repeat  the  above  comparison  heating  the  acidified 
sample  and  woolen  cloth  under  a  reflux  cooler  for  a  few  minutes,  cool,  remove  the 
cloth  and  determine  the  citral  as  usual. 

The  samples  sent  were  as  follows : 

No.  1.  A  lemon  extract  containing  3,008  grams  of  95  per  cent  alcohol  and  192  grams 
lemon  oil,  the  whole  colored  with  turmeric. 

No.  2.  A  terpeneless  extract  of  lemon  strengthened  with  citral;  300  grams  lemon  oil 
dissolved  in  1,796  grams  of  95  per  cent  alcohol;  2,070  grams  of  water  were  added  and 
after  standing  over  night  the  precipitated  oil  was  removed  and  3.76  grams  of  citral 
added.     The  whole  colored  with  Xaphthol  Yellow  S. 

Xo.  3.  A  solution  of  citral  in  dilute  alcohol  (50  per  cent  volume)  containing  3,000 
grams  alcohol,  3.6  grams  c.  p.  citral  making  the  actual  percentage  of  citral  0.12  per 
cent.     The  whole  colored  with  Xaphthol  Yellow  S. 

Xo.  4.  A  solution  of  citral  in  dilute  alcohol  (50  per  cent  by  volume)  containing  3,500 
grams  alcohol  and  2.12  grams  c.  p.  citral  making  the  actual  percentage  of  the  latter 
0.061.     The  whole  colored  with  turmeric. 

The  results  reported  are  given  in  the  following  table : 

Collaborative  ivork  on  determining  citral  in  lemon  extracts,  1908. 


Without  removal  of  color. 

After  removal  of  color. 

Collaborator. 

By  heating. 

At  ordinary 
temperature. 

No.  1. 

No.  2. 

No.  3. 

Xo.  4. 

No.  2. 

No.  3. 

No.  2.     No.  3. 

R.  W.  Hilts,  Philadelphia,  Pa 

Per  ct. 
0.330 
.322 
.328 
.318 
.286 

.288 
.354 
.326 
.308 

a.  380 
.360 

a.  143 
.322 
.038 
.046 

Per  ct. 

0.330 

a.  407 

.329 

.317 

.315 

a.  370 
.324 
.316 
.312 

a.  387 
.340 

a.  385 
.323 
.017 
.011 

Per  ct. 

0.125 

.136 

.107 

.116 
.118 

a.  190 

.133 
.137 
.133 
a.  165 
.125 
.109 
.124 
.013 
.017 
.12 

Per  ct. 
0.060 
.067 
.056 
.056 
.054 

a.  100 
.064 
.084 
.060 

a.  140 
.070 
.050 
.062 
.022 
.017 
.061 

Per  ct. 

Per  ct. 

Per  ct. 

0.28 

.386 

.233 

.278 
.188 

Per  ct. 
0.108 

"6.'i4o" 

.110 
.228 

0.110 
.089 
.090 
.085 

.136 

W.  L.  Dubois,  Buffalo,  N.  Y 

A.  P.  Sy,  Buffalo,  N.  Y 

A.  L.  Cook,  San  Francisco,  Cal 

L.   A.   Brown,  Agricultural  College, 
North  Dakota 

.100 
.102 
.079 

F.  D.  Merrill,  Detroit,  Mich 

.202 
.215 

.031 
.137 

.333 
.311 
.294 

.080 

R.  S.  Hiltner,  Denver.  Colo 

.138 

C.  O.  Dodge,  Washington,  D.  C 

S.  H.  Baer,  St.  Louis,  Mo.  a 

.116 

A.  E.  Tavlor,  Savannah,  Ga 

.290 

.110 

.290  i         .110 

I.  W .  Brandel,  Seattle,  Wash 

Averages 

Maximum  below  average 

! 

Theoretical  amount 

r3673— Bull.  122—09- 


a  Excluded  from  averages. 
—3 
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COMMENTS    OF   ANALYSTS. 

R.  TV.  Hilts:  The  methods  submitted  for  this  work  were  adnered  to  with  the  excep- 
tion that  in  the  removal  of  color  from  samples  2  and  3  the  portions  were  weighed  out 
into  the  50  cc  graduated,  glass-stoppered  flask,  acidified  as  directed,  and  the  piece  of 
fat-free  woolen  cloth  added  (about  1.5  inches  square).  After  standing  over  night  the 
volume  was  completed  with  aldehyde-free  alcohol,  without  removing  the  cloth. 

Preliminary  tests  of  the  samples  were  made  against  a  series  of  standards,  but  all 
final  determinations  were  made  by  matching  in  the  colorimeter.  Final  comparisons 
were  always  arranged  so  that  the  depths  of  tints  compared  were  within  10  per  cent, 
generally  less,  of  equal  strength. 

Results  reported  are  calculated  from  averages  of  four  to  five  readings  made  in  rapid 
succession  with  columns  of  40  mm  and  30  mm,  i.  e.,  8  to  10  readings.  Comparisons  on 
the  different  depths  of  liquid  gave  concordant  results. 

Color  in  samples  1  (turmeric)  and  2  (Naphthol  Yellow  S)  gave  no  trouble  whatever  in 
comparisons.  The  samples  are  so  highly  diluted  in  the  final  determination  that  the 
color  does  not  interfere.  On  sample  3  (Naphthol  Yellow  S)  considerably  more  of  the 
original  liquid  is  present  in  the  comparison  tube,  due  to  its  lower  citral  content,  and  a 
very  slight  modification  of  tint  in  depths  of  40  mm  was  noticed.  With  depths  of  30 
mm  there  was  no  apparent  difference  and  tints  were  matched  with  ease.  Sample  4 
(turmeric)  behaved  similarly  to  No.  3.  In  depths  of  40  mm  there  was  a  slight  differ- 
ence of  tint,  because  nearly  3.5  cc  of  the  original  liquid  was  present  in  the  tube.  This 
slight  difficulty  disappeared  in  depths  of  30  mm.  Samples  2  and  3  were  very  satisfac- 
torily decolorized  by  the  treatment  with  the  cloth.  However,  in  so  far  as  ease  of 
comparison  is  concerned  this  treatment  seems  superfluous  if  comparisons  are  made 
with  comparatively  short  columns  of  liquid,  as  above  noted. 

A.  TV.  Hansen:  The  operator  could  not  see  that  the  color  interfered  with  the  com- 
parisons. 

TV.  L.  Dubois:  The  comparisons  were  made  in  wide  Nessler  tubes  graduated  to  100 
cc  which  were  cooled  to  15°  in  a  large  bath  and  for  comparison  placed  in  a  tall  beaker 
containing  water  at  15°  and  around  which  was  wrapped  a  piece  of  white  paper,  the 
beaker  being  set  on  a  white  surface  and  lifted  therefrom  a  few  inches  at  the  time  of 
reading.  The  color  in  samples  2  and  4  did  not  seem  to  interfere  with  the  determina- 
tions. The  fuchsin  sulphite  solution  when  made  as  directed  retained  a  slightly  brown- 
ish tint.  The  fuchsin,  however,  which  we  had  available  for  the  preparation  of  this 
solution  was  not  labeled  c.  p.  and  this  possibly  may  have  accounted  for  our  failure  to 
get  a  perfectly  colorless  solution. 

C.  L.  Cook:  None  of  the  readings  of  any  of  the  samples  was  interfered  with  by  the 
presence  of  the  coloring  matter  used.  It  was  found  necessary  to  allow  the  fuchsin 
solution  to  stand  at  least  forty  hours  before  a  blank  could  be  obtained  with  the  aldehyde- 
free  alcohol  we  were  able  to  distil. 

F.  D.  Merrill:  Samples  1  and  4  colored  with  turmeric  gave  a  color  differing  some- 
what from  the  standard  used  in  the  determination  of  citral.  In  Nos.  2  and  3  colored 
with  Naphthol  Yellow  S  less  difficulty  was  experienced  in  matching  colors  with  the 
standards  in  the  determination  of  citral  when  the  original  extract  was  used,  but  when 
the  sample  was  decolorized  by  either  method  suggested  it  had  a  very  different  color 
as  compared  with  the  standard  used  in  citral  determination,  and  great  difficulty  was 
experienced  in  matching  colors. 

R.  S.  Hiltner:  The  small  amount  of  turmeric  in  samples  No.  1  and  No.  4  did  not 
interfere  perceptibly  with  the  color  comparisons. 

Sample  No.  2,  when  heated  with  hydrochloric  acid  and  woolen  cloth  under  reflux 
condenser  as  directed,  turned  brown,  apparently  due  to  decomposition  of  citral.  A 
somewhat  similar  change  took  place  with  No.  3,  but  to  a  less  degree. 

The  same  result  was  obtained  on  these  two  samples  by  simply  acidifying  with 
hydrochloric  acid  and  treating  at  once  with  fuchsin  reagent  as  by  allowing  the  acidified 
solution  to  stand  over  night  in  contact  with  wool. 

I  was  unable  to  secure  alcohol  that  would  not  respond  to  the  fuchsin  test  for  alde- 
hyde, even  after  prolonged  standing  and  heating  with  m-phenylene  diamm 
hydrochlorid. 

Besides  the  figures  obtained  by  the  trial  method,  Mr.  Hiltner,  of  the  Denver  Food 
Inspection  Laboratory,  submitted  a  set  obtained  by  a  method  devised  by  himself 
using  metaphenylene  diamin  as  a  substitute  for  the  fuchsin  sulphite  reagent.  The 
writer  makes  the  following  claims  for  the  method: 

First.  Since  there  is  no  color  reaction  with  acetaldehyde,  more  correct  results  may 
be  secured  in  the  analysis  of  commercial  extracts. 
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In  the  preparation  of  these  extracts,  ordinary  rectified  alcohol  is,  of  course,  used. 
Such  alcohol  always  contains  more  or  less  acetaldehyde.  Any  general  reagent  for 
aldehydes,  like  fuchsin,  therefore  tends  to  give  too  high  results  for  citral  because  of 
the  reaction  on  the  acetaldehyde  present. 

Second.  It  is  unnecessary,  as  stated,  to  use  especially  purified  alcohol  free  from 
aldehydes. 

Third.  All  the  operations  may  be  carried  on  at  room  temperature. 

The  following  figures  were  submitted  on  the  official  samples:  No.  1,  0.251;  No.  2, 
0.305;  No.  3,  0.117;  No.  4,  0.061. 

Nos.  1  and  2  are  somewhat  below  the  average  figures  submitted  by  the  collaborators. 
Nos.  3  and  4  are  much  closer  to  the  actual  amount  present  than  those  obtained  by  Mr. 
Hiltner  with  the  method  under  trial.  As  the  method  was  called  to  the  referee's 
attention  only  a  few  days  before  the  meeting,  no  opportunity  was  offered  to  test  it 
this  year. 

General  Discussion  of  Results. 

The  results  obtained  on  the  official  samples  as  a  whole  exceed  greatly  the  expecta- 
tions of  the  referee. 

When  twelve  different  analysts  are  working  even  with  a  well-established  method 
under  varying  conditions,  experience  has  shown  that  some  discordant  results  are  apt 
to  be  obtained.  When  like  discrepancies  have  been  obtained  with  the  official  methods 
for  nitrogen  and  potash,  it  would  seem  that  the  results,  in  the  present  case,  are  highly 
satisfactory. 

It  appears  to  be  of  no  advantage  to  remove  the  color  before  making  the  determina- 
tions; in  fact,  several  of  the  collaborators  are  of  the  opinion  that  it  renders  the  solutions 
harder  to  read.  The  work  done  at  Washington  also  indicated  that  there  was  little 
advantage  to  be  obtained,  certainly  not  sufficient  to  offset  the  loss  of  citral.  The  results 
were  slightly  better  on  the  alcoholic  solutions  of  citral  than  upon  the  extracts.  They 
were  better  on  the  terpeneless  extract  than  on  the  extract  containing  lemon  oil. 
This  is,  in  all  probability,  due  to  the  effect  of  the  non-aldehydic  constituents  upon  the 
color  of  the  fuchsin  solution.  Where  the  colors  are  not  of  like  tint,  considerable 
experience  is  required  in  order  to  correctly  match  them. 

On  the  final  comparisons  the  standard  and  sample  must  contain  approximately  equal 
amounts  of  citral;  a  deviation  of  over  10  per  cent  is  not  allowable. 

The  method  is  not  difficult  of  manipulation,  but  does  require  pure  reagents,  espe- 
cially in  the  case  of  aldehyde-free  alcohol.  It  is  highly  probable  that  the  greater  part 
of  the  discordant  results  are  due  to  the  latter.  Given  a  cologne  spirit  of  good  quality, 
there  seems,  however,  to  be  no  reason  why  good  results  should  not  be  obtained.  It  is 
recommended  that  the  method  as  submitted  for  the  determination  of  citral  in  lemon 
extracts  be  adopted  provisionally  by  the  association. 


REPORT  ON   SPICES. 

By  A.  L.  Winton,  Associate  Referee. 

The  attention  of  the  associate  referee  was  directed  to  the  adulteration  of  paprika 
with  olive  oil,  and  the  methods  of  detecting  this  form  of  adulteration,  by  papers  pre- 
sented by  Doolittle  and  Ogden  and  by  Loewenstein  at  the  New  Haven  meeting  of  the 
American  Chemical  Society.  Although  the  time  was  short  for  giving  this  matter  suit- 
able attention,  a  circular  letter  was  sent  out  on  September  5  to  such  chemists  as  had 
previously  expressed  a  willingness  to  cooperate,  and  later,  samples  of  two  kinds  of 
paprika  were  distributed,  one  purporting  to  be  pure,  the  other  adulterated  with  olive 
oil. 
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The  methods  submitted  for  study  are  as  follows: 

Methods. 


NON-VOLATILE    ETHER    EXTRACT. 

Dry  in  a  desiccator  over  night  or  until  the  moisture  is  largely  removed  a  sufficient 
amount  of  the  material  to  yield  an  extract  of  from  0.2  to  0.25  grams.  Extract  according 
to  the  official  method  for  the  determination  of  crude  fat  (Bui.  107,  Rev.,  p.  39,  5  (b) 
(1)),  collecting  the  ether  solution  in  a.  tared  flask.  Dry  the  extract  at  100°  C.  for 
15-minute  periods  until  constant  weight  is  secured. 

IODIN    NUMBER. 

Determine  by  the  Hanus  method  (Bui.  107,  Rev.,  pp.  136-7),  using  the  extract 
obtained  as  described  in  the  preceding  section. 

Great  care  should  be  exercised  in  weighing  the  flask,  both  before  and  after  extraction, 
as  an  error  of  1  milligram  is  equivalent  to  an  error  of  over  0.5  in  the  iodin  number.  A 
glass-stoppered  200  cc  Erlenmeyer  flask  may  be  used  for  the  extraction  and  also,  with- 
out transfer,  for  the  determination  of  the  iodin  number,  although  in  our  experience 
more  accurate  results  may  be  secured  by  using  a  vial-mouth  unstoppered  flask  of  about 
40  cc  capacity,  thus  reducing  the  exposed  surface  to  a  minimum.  In  the  latter  case 
the  flask,  after  dissolving  the  extract  in  chloroform  and  adding  the  Hanus  solution,  is 
introduced  into  a  saltmouth,  glass-stoppered  bottle,  broken  with  a  glass  rod  and  the 
titration  carried  out  in  this  bottle  in  the  usual  manner. 

It  was  suggested  that  in  extracting  the  fat  3  grams  of  the  pure  paprika  and  2  grams  of 
the  paprika  adulterated  with  oil  be  used,  thus  securing  amounts  of  extract  suitable 
for  determination  of  iodin  number. 

ALCOHOL    EXTRACT. 

Follow  the  official  method  (Bui.  107,  Rev.,  p.  163). 

Discussion  of  Results. 

The  results  obtained  by  the  five  analysts  who  took  part  in  the  cooperative  work  are 
given  in  the  following  table: 


Analysis  of  -pure  paprika  and  samples  mixed  with  olive  oil. 


Pure  paprika. 

Paprika  with  olive  oil. 

Collaborator. 

Non- 

Iodin 

-Se  ;  ££? 

Alcoholic    volatile 

Alcoholic 

extract. 

ether 

ber. 

extract. 

ether        be?" 
extract.       Der- 

extract. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

13.36 
13.33 

10.44 

76.5 
76.2 
82.0 
77.4 
105.9 

14.96 
14.97 

97.4 

96.7 

5.43 
5.81 
6.10 

15. 30 

13.18 
13.76 

76.1 

80.7 

C.  P.  Wilson,  Washington,  D.  C... 

13.43 

106.4 

12.8 

5.27 

105.8 

13.4 

12.01 

12.7 

5.36 

105.2 

13.35 

12.10 

a  115. 05 

C.  I.  Lott,  Chicago 

A  10.62 

5.52 

114.6 

12.92 

12.58 

115.2 

5.54 

112.3 

12.64 

108.0 

5.37 

116.7 

12.72 

112.0 

B  10.50 

5.45 

117.2 

12.71 

116.1 

5.47 

112.9 

12.76 

12.52  1     107.2 

5.32 

117.7 

12.42 

115.6 

C  10.  75 

5.47 

115.2 

12.51 

111.4 

5.46 

113.1 

12.96 

12.80 

105.1 

5.40 

115.1 

12.75 
12.79 

105.8 
116.1 

12.60 

117.6 
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Genevieve  Imus:  This  collaborator  states  that  through  a  misunderstanding  the  por- 
tions taken  for  analysis  were  weighed  out  after  drying  the  materials  in  a  desiccator. 
For  this  reason  the  percentages  of  alcohol  extract  and  nonvolatile  ether  extract  are  not 
comparable  with  those  given  by  the  other  analysts  and  are  not  given  in  the  table. 

C.  D.  Woods:  The  ether  extract  in  the  determinations  made  by  the  method 
described  not  being  complete,  other  trials  were  made,  using  different  quantities  of  the 
material  and  extracting  for  longer  periods.  The  results  are  given  in  the  following 
table : 

Analyses  of  pure  paprika  and  samples  adulterated  with  olive  oil,  varying  weight  of  sample, 
and  time  of  extraction  ( Woods) . 

PURE  PAPRIKA. 


Weight 
used. 

Time  of 
extrac- 
tion. 

Non- 
volatile 

ether 
extract. 

lodin 
number 
of  non- 
volatile 

ether 
extract. 

Grams. 
3 
3 
3 
3 
3 
1 
1 

Hours. 
16 
16 
24 
24 
24 
100 
100 

Per  cent. 
5.43 
5.81 
5.48 
5.74 
5.91 
13.15 
13.93 

82.0 

77.4 
87.3 
79.3 
77.9 

42.6 

PAPRIKA  ADULTERATED  WITH  OLIVE  OIL 


2 

16 

15.30 

76.1 

2 

16 

13.18 

80.7 

24 

12.23 

93.5 

24 

13.65 

84.0 

24 

13.85 

84.1 

100 

18.37 

66.2 

100 

18.70 

65.8 

Mr.  Woods  comments  on  the  above  results  as  follows: 

I  note  that  Doolittle  and  Ogden  report  a  much  higher  iodin  number  than  any  of  my 
results  would  indicate  and  also  that  their  results  are  very  concordant.  With  directions 
as  given  I  fail  to  see  how  one  could  place  any  reliance  on  the  results  of  this  determi- 
nation. It  may  be  possible  that  by  running  the  ether  extraction  for  an  exact  definite  time 
results  can  be  obtained  agreeing  reasonably  close  with  each  other,  but  I  doubt  this 
somewhat,  for  it  has  been  our  experience  that  some  determinations  extract  much  faster 
than  others,  depending  on  the  rate  of  flow  of  the  ether  and  the  type  of  extractor  used, 
and  that  until  the  extraction  is  complete  there  is  no  surety  that  two  determinations 
will  agree  at  any  given  time  during  the  process. 

These  few  determinations  seem  to  indicate  that  if  the  iodin  number  is  made  on  the 
complete  ether  extract  other  material  besides  fat  (resins,  etc.)  will  so  increase  the 
weight  that  the  value  of  the  iodin  number  will  be  reduced,  while,  if  the  determination 
is  made  before  the  extraction  is  complete,  the  results  can  not  be  depended  on  to  agree. 

C.  S.  Brinton  comments  on  his  results  as  follows: 

The  iodin  numbers  on  the  nonvolatile  ether  of  the  samples  prepared  with  oil  did  not 
agree,  and  I  am  reporting  only  the  average  of  results  obtained.  I  was  very  much  sur- 
prised to  find  the  iodin  number  of  the  nonvolatile  ether  extract  in  the  pure  sample  so 
much  lower  by  the  method  you  suggest  than  that  obtained  by  the  method  used  by 
Doolittle,  but  this  is  easily  accounted  for,  because  a  long  extraction  with  ether  carries 
other  material  which  is  not  readily  soluble  in  ether  and  would  not  be  found  in  the 
ether  extract  when  a  shorter  extraction  time  is  used.  From  the  results  obtained  by  this 
method  I  do  not  think  that  it  would  be  advisable  to  use  an  official  ether  extract  for  the 
determination  of  the  iodin  number,  as  by  so  doing  we  are  liable  to  overlook  samples 
prepared  with  olive  oil,  the  presence  of  which  would  be  revealed  by  using  Doolittle's 
method. 
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C.  P.  Wilson  stated  that  he  was  not  entirely  satisfied  with  the  results  because  with 
the  apparatus  he  used  he  found  it  necessary  to  dissolve  the  fat  before  removing  it  from 
the  flask  in  which  it  was  recovered  by  the  extraction. 

C.  I.  Lott:  In  order  to  secure  evidence  with  regard  to  the  accuracy  of  the  sampling, 
analyses  were  made  of  three  bottles  (A,  B,  and  C)  of  each  paprika.  The  discrepancies 
in  the  determination  of  the  iodin  number  were  attributed  partly  to  differences  in  the 
amount  of  extract  obtained  occasioned  by  the  removal  of  different  amounts  of  the 
difficultly  soluble  resins  and  partly  to  errors  in  the  process  of  determining  the  iodin 
number.  It  was  suggested  that  possibly  in  the  earlier  determinations  the  extract  was 
not  completely  dissolved  in  the  chloroform  preliminary  to  the  Hanus  solution.  In 
the  later  determinations  special  effort  was  made  to  secure  a  complete  solution.  With 
this  precaution  the  following  results  were  obtained:  Pure  paprika,  116.7,  117.7,  115.1; 
paprika  with  olive  oil,  116.1,  116.1,  117.6.  Further  experiments  are  needed  to  ascer- 
tain whether  or  not  a  better  agreement  of  results  can  be  secured  by  observing  special 
precautions  in  dissolving  the  extract. 

Conclusions. 

The  radical  difference  in  the  results  reported  by  the  different  analysts  in  the  deter- 
mination of  nonvolatile  ether  extract  and  the  iodin  number  of  the  extract  may  be  in 
part  explained  by  differences  in  the  extraction  apparatus  employed  and  in  the  rate 
of  extraction,  some  of  the  analysts  securing  an  extract  which  contained  a  much  greater 
amount  of  resins  than  that  obtained  by  the  others,  which  resins  have  a  much  lower 
iodin  number  than  the  fatty  oil.  This  explanation,  however,  does  not  account  for 
many  of  the  differences.  For  example,  Messrs.  Woods  and  Lott  obtained  practically 
the  same  percentages  of  nonvolatile  ether  extract  in  the  pure  paprika,  but  one  reports 
an  average  iodin  number  of  about  80  and  the  other  of  about  115.  On  the  other  hand, 
Mr.  Wilson  obtained  the  highest  percentage  of  nonvolatile  ether  extract,  and  Mr] 
Brinton  the  lowest,  yet  both  secured  practically  the  same  results  on  the  iodin  number. 

The  results  reported  indicate  either  that  the  method  of  securing  the  nonvolatile 
ether  extract  for  the  determination  of  iodin  number  is  seriously  at  fault,  or  else  spe- 
cial precautions,  yet  to  be  determined,  are  necessary  to  the  success  of  the  process. 
The  results  are  not  only  widely  discrepant,  but  they  fail  to  throw  any  light  whatever 
on  the  question  of  adulteration. 

Recommendations. 

It  is  suggested  that  during  the  ensuing  year  the  following  methods  be  studied: 
First,  extraction  on  filter  paper,  with  ether,  as  followed  by  Doolittle  and  Ogden,a 
and,  second,  shaking  for  a  definite  time  with  a  definite  volume  of  ether  and  evapora- 
tion of  a  portion  of  the  filtered  extract.  It  is  believed  that  satisfactory  results  can  be 
obtained  only  by  a  purely  conventional  method,  using  the  same  weight  of  material, 
the  same  volume  of  ether,  and  the  same  time  of  extraction.  It  may  be  found  impor- 
tant, however,  to  use  such  portions  of  the  ether  solutions  as  will  yield  in  all  cases 
approximately  the  same  amount  of  nonvolatile  ether  extract.  The  results  obtained 
in  the  determination  of  alcohol  extract  throw  no  light  on  the  question  of  added  oil. 


REPORT  ON   COLORS. 

By  H.  M.  Loomis,  Associate  Referee. 

The  work  of  the  past  year  has  been  chiefly  on  the  identification  of  colors.  For  this 
purpose  twelve  samples  of  colored  food  products  were  prepared  in  the  laboratory, 
using  the  purest  colors  available,  and  samples  of  each  were  sent  to  six  cooperating 
chemists.  It  is  only  just  to  state  that  many  of  the  colors  used  were  not  furnished  as 
food  colors  by  the  manufacturers.  In  this  work  the  endeavor  has  been  to  prove  that 
the  colors  used  were  simple  commercial  colors,  and  not  mixtures,  without  special 
regard  to  the  presence  of  mineral  salts,  etc. 
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Since  the  promulgation  of  F.  I.  D.  76  of  the  Board  of  Food  and  Drug  Inspection, 
allowing  the  use  of  certain  coal-tar-colors  in  food  products  and  prohibiting  all  others, 
it  has  become  quite  necessary  for  food  chemists  to  make  a  study  of  the  method^  of 
identifying  colors  to  find  out  with  what  degree  of  accuracy  these  methods  serve  their 
purpose.  In  making  this  study  it  is  of  course  very  essential  to  work  with  pure  colors, 
and  as  the  time  available  for  this  work  would  not  allow  of  preparing  these  colors  in 
the  laboratory,  there  were  used  colors  furnished  by  manufacturers,  who  in  most  cases 
gave  both  the  commercial  and  the  scientific  name  of  these  samples,  and  upon  them 
such  tests  were  made  as  seemed  necessary  to  establish  fully  the  fact  that  they  corre- 
sponded with  the  names  given  and  were  simple  unmixed  colors. 

No  originality  in  the  methods  of  testing  is  claimed,  the  standard  works  of  reference 
on  the  subject  having  been  freely  consulted.  In  every  case  the  well-known  tests  by 
color  reactions  in  aqueous  solution,  on  the  dyed  fiber,  and  with  concentrated  sulphuric 
acid  on  the  dry  color  were  used.  This  includes  a  test  for  mixed  colors  made  by 
sprinkling  dry  color  on  a  surface  wet  with  water  or  concentrated  sulphuric  acid.  In 
addition  the  following  tests  were  made  on  the  separate  colors: 

Tartrazin: 

Precipitation  by  alcohol:  Concentrated  aqueous  solution  +  95  per  cent  alcohol = 
crystalline  yellow  precipitate. 

0.1  per  cent  aqueous  solution + stannous  chlorid=yellow  precipitate,  soluble  in 
oxalic  acid  solution  (10  per  cent). 

0.1  per  cent  aqueous  solution  +  barium  chlorid  solution=yellow  precipitate. 

0.1  per  cent  aqueous  solution  +  calcium  chlorid  soluiion^no  precipitate. 

Conclusion:  Pure  color,  S.  &  J.  94. 
Saffron: 

Test  for  coal-tar  colors;  microscopic  examination. 

Conclusion:  Pure  color. 
Naphthol  Yellow  S: 

Color  reaction  with  stannous  chlorid  and  ammonia.     Test  for  organic  sulphur. 

Deflagration  test:  Heated  on  platinum  foil.     Takes  fire  explosively. 

Solubility  in  ether:  Nearly  insoluble  in  neutral  or  acid  solution. 

0.1  per  cent  aqueous  solution  +  barium  chlorid  solution  (10  per  cent) = orange  precipi- 
tate, insoluble  in  acetic  acid. 

0.1  per  cent  aqueous  solution  +  calcium  chlorid  solution  (10  per  cen£)=no  precipitate. 

0.1  aqueous  solution  +  lead  acetate=omnge  precipitate,  soluble  in  acetic  acid. 

0.1  per  cent  aqueous  solution  +  cobalt  chlorid  and  caustic  soda= olive-green  precipitate. 

Remarks:  Color  nearly  pure.  Contains  small  amount  of  unsulphonated  naphthol 
yellow. 

Tropaeolin  0  0: 

Reduction  of  color  by  stannous  chlorid  in  acid  solution;  separation  of  para  amino- 
diphenylamin  from  alkaline  solution  by  ether.     Melting  point,  61°  to  62°  C. 

Precipitation  by  salt:  0.1  per  cent  solution  of  color  +  few  drops  10  per  cent  sodium 
chlorid  solution = precipitate  of  color. 

0.1  per  cent  aqueous  solution  +  barium  chlorid  (10  per  cent) = colored  precipitate, 
like  Fe  (OH)3. 

0.1  per  cent  aqueous  solution  +  calcium  chlorid  (10  per  cent) =colored  precipitate,  like 
Fe  (OH)3. 

Conclusion:  Pure  color,  S.  &  J.  88. 
Erythrosin:  (Color  used  in  sample  3  C.) 

Aqueous  solution,  pink  fluorescent  (shows  presence  of  other  colors  besides  erythrosin.) 

Color  extracted  from  acidified  aqueous  solution  by  ether.  Ether  solution  washed 
several  times,  evaporated  and  color  dried. 

Halogens:  Chlorin,  bromin,  and  iodin  found  in  color  qualitatively.  (Mulliken 
"Identification  of  Organic  Compounds,"  p.  13).  Determination  of  bromin  and  iodin 
by  Janasch  and  Aschoff  method  gave  17  per  cent  bromin  and  9.7  per  cent  iodin. 

Color  a  mixture  of  eosin  colors  containing  chlorin,  bromin,  and  iodin. 
Rhodamin: 

Contains  no  bromin  or  iodin;  0.4  per  cent  ash;  insoluble,  even  on  boiling  in  caustic 
potash  solution;  sp.  gr.  1.3. 

Aqueous  solution  pink;  yellow  fluorescence,  which  disappears  on  warming  and 
reappears  on  cooling. 
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0.01  per  cent  aqueous  solution  +  stannous  eh lorid  solution =hright  crimson  precipitate, 
purplish  by  transmitted  light. 

0.01  per  cent  aqueous  solution  +  tannin  reagent;  test  for  basic  <?oZor=precipitate. 

"Benedikt's  test  with  zinc  and  ammonia:  (Allen,  "Commercial  Organic  Analysis," 
vol.  3,  part  1,  page  322.) 

Conclusion:  Pure  color,  S.  &  J.  504. 
Rose  Bengal: 

Qualitative  analysis  shows  halogens,  iodin,  and  chlorin — no  bromin. 

Benedikt's  test  with  zinc  dust  and  ammonia.     (See  Allen,  loc.  cit.) 

Benedikt's  test:  Boiling  with  caustic  potash  solution.     (Sp.  gr.  1.3.)     (See  Allen.) 

Color  separated  from  acidified  aqueous  solution  as  in  the  case  of  erythrosin. 

Quantitative  determination  of  iodin  and  chlorin. 

Chlorin  determined  by  silver  nitrate  after  removal  of  iodin  by  nitrous  acid  and 
carbon  bisulphid. 

Iodin  determined  from  total  halogens  by  difference. 

Chlorin,  8.89  per  cent;  iodin,  49.5  per  cent;  ratio=l  to  5.56. 

Ratio  of  halogens  in  tetraiodo-dichlor-fluorescein=l  to  7.2. 

Ratio  of  halogens  in  tetraiodo-tetrachlor-fluorescein==l  to  3.6. 

Conclusion:  Color  a  mixture  of  the  two  Rose  Bengals,  S.  &  J.  520  and  523. 
Phloxin: 

Qualitative  analysis  shows  presence  of  halogens,  bromin,  and  chlorin;  no  iodin. 

Determination  of  bromin  by  Mohr's  method  gave  39.8  per  cent  in  color,  purified  by 
extraction  with  ether. 

Chlorin,  from  total  halogens  by  difference =11. 9  per  cent. 

Ratio  —  chlorin :  bromin  ==1: 3.34. 

Benedikt's  test  with  zinc  dust  and  ammonia.     (See  Allen.) 

Benedikt's  test  with  boiling  potassium  hydroxid  solution.     (See  Allen.) 

Conclusion :  This  color  is  a  mixture  of  the  two  phloxins,  S.  &  J.  518  and  521. 
Cochineal  Red  A,  S.  &  J.  106: 

Tested  for  mixed  color  by  precipitating  part  of  color  from  solution  with  salt,  filtering 
and  dyeing  wool  to  same  depth  with  filtrate  and  solution  of  precipitated  color.  Both 
dyeings  were  nearly  the  same  shade,  indicating  fairly  pure  color. 

Dry  color  sprinkled  on  concentrated  sulphuric  acid  shows  small  amount  of  foreign 
color. 

Reduction  with  stannous  chlorid  and  hydrochloric  acid,  making  alkaline  with 
sodium  hydroxid  and  extracting,  gave  very  little  ether-soluble  matter.  This  shows 
absence  of  colors  yielding  ether-soluble  bases  on  reduction. 

Conclusion:  Color  is  fairly  pure,  but  contains  a  small  amount  of  foreign  color. 
Fast  Red  C,  S.  &  J.  103: 

Tested  for  mixed  color,  as  in  the  case  of  cochineal  red  A,  by  fractional  precipitation 
with  salt  and  by  sprinkling  on  concentrated  sulphuric  acid.  Small  amount  of  foreign 
color  shown. 

Color  is  fairly  pure,  but  contains  a  small  amount  of  foreign  color. 
Ponceau  2R  or  3R: 

0.1  per  cent  aqueous  solution  -j-  barium  chlorid  solution  (10  per  cen£)= crimson  precipi- 
tate, insoluble  in  acetic  acid. 

0.1  per  cent  aqueous  solution  +  calcium  chlorid  solution  (10  per  cent)— no  precipitate. 

0.1  per  cent  aqueous  solution  4-  lead  acetate  solution  (10  per  cent)= crimson  precipitate. 

Color  reduced  with  stannous  chlorid  and  hydrochloric  acid.  Solution  made  alkaline 
with  caustic  soda  and  distilled  with  steam.  Liquid  amido  compound  distils  over, 
which  could  not  be  solidified  in  ice  water.  Boiling  point  about  215°  C.  This  shows 
the  amido  compound  to  be  xylidin. 

Conclusion:  Color  is  ponceau  2R  or  xylidin  red,  S.  &  J.  55. 
Acid  Green: 

Solubility  in  absolute  and  95  per  cent  alcohol;  no  sign  of  mixed  color  by  sprinkling 
on  wet  filter;  no  chlorin  in  the  ash. 

Conclusion:  Pure  color,  S.  &.  J.  435. 
Persian  Berry  Extract: 

Reactions  correspond  very  closely  to  those  of  a  buckthorn  berry  extract  prepared  in 
the  laboratory. 

The  accompanying  table  shows  the  results  obtained  in  the  identification  of  the 
colors.  Considering  the  fact  that  three  of  the  collaborators  had  never  undertaken 
work  on  the  identification  of  colors  before,  the  results  appear  to  be  quite  satisfactory 
with  regard  to  the  coal-tar  colors. 
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Notes  and  Comments  by  the  Collaborators. 

C.  S.  Brinton  used  the  tables  of  Rota  and  others  given  by  Allen,  a  Schultz  and  Julius, 
"Organic  coloring  matters,"  and  Circulars  25  and  35,  Bureau  of  Chemistry.  Consid- 
erable difficulty  was  encountered  in  some  cases  in  isolating  color  from  fruit  pulp  and 
sirup.  Double-dyeing  method  was  used  for  extracting  color  from  material,  and  color 
was  obtained  in  aqueous  solution  by  extracting  wool  with  ammonia.  Sample  VI 
gave  considerable  trouble,  and  definite  report  was  not  made. 

F.  0.  Woodruff  used  chiefly  tables  of  Green,  Yoeman,  and  Jones, &  also  tables  in 
Allen  and  in  Schultz  and  Julius,  and  Circular  35,  Bureau  of  Chemistry.  He  says: 
"Three  difficulties  attending  identification  are:  (1)  A  commercial  dye  from  different 
manufacturers  varies  in  purity  and  therefore  in  properties,  though  bearing  the  same 
or  a  synonymous  trade  name;  (2)  amount  of  color  on  dyed  fiber  or  in  color  solutions 
affects  the  nature  of  the  reactions  therewith;  (3)  ordinary  description  of  color  reac- 
tions varies  with  the  observer  and  does  not  allow  of  fine  distinctions." 

Hare,  Mitchell,  and  Pringle  used  Rota's  table  and  those  in  Circular  35,  Bureau  of 
Chemistry.  They  comment  as  follows:  "We  find  Rota's  scheme  quite  valuable 
in  assisting  us  in  the  general  classification  of  the  dye.  An  accurate  and  complete 
color  chart  would  be  a  great  aid,  especially  to  those  not  used  to  making  sharp  color 
distinctions." 

E.  J.  Shanley  used  the  tables  in  Allen  and  Circular  35,  Bureau  of  Chemistry. 

Recommendations  . 
It  is  recommended — 

(1)  That  an  effort  be  made  to  obtain  authentic  samples  of  vegetable  or  natural 
coloring  matters,  such  as  are  used  in  food  products.  This  work  should  be  assigned 
to  such  men  as  are  in  a  position  to  obtain  authentic  samples,  for  it  is  well-nigh  impos- 
sible for  one  person  to  obtain  any  considerable  number  of  such  samples  and  to  ascer- 
tain their  source  and  method  of  preparation; 

(2)  That  characteristics  of  vegetable  coloring  matters  and  methods  for  identification 
be  studied ; 

(3)  That  synthetic  preparations  of  pure  colors  for  standards  be  made; 

(4)  That  the  separation  and  identification  of  mixed  colors  be  studied. 

The  president  announced  the  following  appointments  as  members 
of  Committee  A  on  recommendations  of  referees:  E.  J.  Davidson, 
J.  P.  Street,  J.  G.  Lipman,  B.  L.  Hartwell,  and  W.  A.  Withers. 

The  association  adjourned  until  2  o'clock. 


THURSDAY— AFTERNOON  SESSION. 

REPORT   ON   MEAT  AND  FISH. 

By  F.  C.  Weber,  Associate  Referee. 

In  view  of  the  fact  that  no  work  has  ever  been  reported  to  the  association  on  this  sub- 
ject, it  seemed  to  the  referee  that  some  results  showing  the  degree  of  accuracy  of  some 
of  the  chemical  methods  ordinarily  employed  in  separating  protein  nitrogen,  and  at 
what  point  they  show  deterioration  of  meats,  might  be  of  interest.  Owing  to  the  nature 
of  the  work  and  the  difficulty  of  keeping  samples  uniform,  no  attempt  was  made  to 
secure  collaborative  work. 

Samples. 

The  determinations  here  reported  were  made  on  three  samples  of  chicken  meat. 
Six  young  market  chickens  were  obtained,  killed,  dressed,  and  allowed  to  stand  in 
the  ice  box  over  night.     The  next  morning  the  flesh  was  separated  from  the  bones 
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and  skin  and  thoroughly  ground  and  mixed  by  passing  six  times  through  a  meat 
chopper.  It  was  then  divided  into  two  equal  portions,  one  marked  "fresh"  and  the 
other,  after  the  addition  of  0.1  per  cent  of  boric  acid,  was  marked  "preserved." 

The  third  sample  represents  the  meat  from  three  cold-storage  drawn  chickens,  in 
storage  twenty-six  months,  treated  in  the  same  manner  as  above,  but  without  the  ad- 
dition of  boric  acid,  and  marked  "stored."  Each  sample  was  placed  in  a  screw-cap 
Mason  jar  and  allowed  to  stand  for  one  week,  at  laboratory  temperature  during  the  day, 
and  in  an  ice  box  at  night.  During  this  time  samples  were  taken  for  analysis  on  the 
first,  second,  third,  sixth,  and  seventh  days  of  standing.  Every  precaution  was  ob- 
served to  guard  against  loss  of  moisture  during  the  removal  of  the  sample,  as  a  result 
of  which  the  moisture  content  remained  very  constant. 

Methods. 

The  following  determinations  were  made  at  each  of  the  periods  cited:  Moisture, 
total  nitrogen,  ammonia  nitrogen,  and,  in  the  aqueous  extract  at  room  temperature 
and  with  ice  water,  nitrogen  was  determined  as  total,  coagulable,  amido,  and  ammo- 
nia. The  difference  between  the  sum  of  the  coagulable  and  amido  nitrogen  and  the 
total  soluble  nitrogen  is  considered  as  proteoses  and  peptones.  The  fat  was  determined 
once  at  the  beginning  of  the  experiment. 

Moisture  was  determined  on  a  2-gram  sample,  dried  in  a  water  oven  for  ten  hours. 
The  loss  of  weight  was  calculated  as  moisture. 

Fat. — The  dried  sample  from  the  moisture  determination  was  ground  with  dry  sand 
and  extracted  with  anhydrous  ether  in  a  Knorr  extractor  for  twenty-four  hours  for 
the  determination  of  fat. 

Nitrogen  determinations  were  made  in  the  Nitrogen  Section  of  the  Bureau  of  Chem- 
istry by  Mr.  H.  W.  Houghton,  using  the  Gunning  modification  of  the  Kjeldahl  method. 

The  ammonia  nitrogen  was  determined  on  from  5  to  10  grams  of  sample  distilled 
from  a  750  cc  flask,  after  the  addition  of  250-300  cc  water  and  10  grams  magnesium 
oxid.  The  distillate  was  collected  in  standard  acid  and  the  ammonia  nitrogen  de- 
termined after  a  one-half  hour  distilling,  150  cc  being  distilled  off.  The  distillation 
was  continued  for  three  half-hour  periods,  150  cc  of  water  being  returned  to  the  flesh 
between  each  distillation.  The  results  reported  represent  the  sum  of  the  three  half- 
hour  periods. 

Water-soluble  nitrogen  [at  room  temperature  {23°-25°  C.)  and  with  ice  water  (8°  C)]: 
Twenty  grams  of  the  well-mixed  sample  of  meat  were  weighed  into  a  450  cc  Erlen- 
meyer  flask,  250  cc  of  water  added,  and  shaken  for  three  hours  in  a  shaking  machine. 
In  the  case  of  ice- water  extract  chopped  ice  was  added  from  time  to  time,  the  volume 
in  the  flask  being' kept  constant  by  decanting  the  excess  of  water  into  a  second  flask. 
After  being  shaken  the  required  length  of  time,  the  flasks  were  placed  in  the  refrigera- 
tor over  night,  a  small  quantity  of  thymol  and  phenol  having  been  added  as  a  preserva- 
tive. The  next  day  they  were  poured  through  linen  bags  and  extracted  with  room 
temperature  and  ice  water,  respectively,  by  vigorous  manipulation  with  the  hands 
and  successive  portions  of  water,  till  the  final  extract  gave  a  negative  biuret  reaction. 
The  extraction  was  very  tedious  and  required,  at  first,  an  entire  day  for  completion, 
using  from  2,200  to  2,500  cc  of  room-temperature  water,  and  from  1,800  to  2,000  cc  of  ice 
water.  The  room-temperature  extract  was  made  up  to  a  volume  of  2,500  cc,  while  the 
ice- water  extract  was  made  up  to  2,000  cc  throughout  the  experiment,  though  the  latter 
extractions,  particularly  on  the  last  two  days,  were  completed  with  from  1,400  to  1,800 
cc  water.  After  making  to  volume  and  thoroughly  mixing,  the  solutions  were  filtered 
through  6-inch  funnels  containing  a  38.5  cm  S.  &  S.  588  folded  filter  paper.  The  first 
750  cc  which  ran  through  was  discarded  (in  the  case  of  the  room-temperature  extract 
this  was  used  for  the  ammonia  determination);  the  second  quantity,  600  cc  to  800  cc, 
was  used  for  the  water-soluble  nitrogen  determinations. 

The  filtration  of  the  solutions  of  the  first  three  extractions  was  very  simple,  the 
solutions  running  through  the  paper  readily,  though  the  second  portion  was  still 
somewhat  cloudy.  As  the  samples  spoiled,  the  extraction  became  more  easy  and 
the  filtration  more  difficult,  until  on  the  last  two  days  it  was  quite  difficult  to 
obtain  sufficient  solution  to  make  the  determinations.  This  filtered  extract  was 
entirely  clear.  The  total  nitrogen  in  the  aqueous  extract  was  made  on  100  cc  of 
the  solution. 

Ammonia  nitrogen  was  determined  on  500  cc  of  the  room  temperature  extract,  by 
distillation  with  magnesium  oxid. 
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The  coagulable  protein  nitrogen  was  determined  in  a  sample  of  200  cc  of  the  water 
extract.  This  was  placed  in  a  300  cc  evaporating  dish  and  evaporated  on  the  steam 
bath  to  a  volume  of  40  cc.  The  solution  was  neutralized  with  tenth-normal  sodium 
hydroxid,  using  phenolphthalein  as  indicator,  then  replaced  on  the  steam  bath  and 
allowed  to  evaporate  for  ten  minutes,  filtered  on  a  plain  filter,  and  washed  with  hot 
water.  The  filter  and  precipitate  were  transferred  to  a  Kjeldahl  flask  and  the  nitrogen 
determined. 

Amido  nitrogen:  The  coagulable  protein  filtrate  was  made  up  to  100  cc  volume  and 
50  cc  employed  for  the  amido  nitrogen  determination.  The  50  cc  were  placed  in  a 
100  cc  graduated  flask,  15  grams  of  sodium  chlorid  added,  and  the  flask  well  shaken 
and  placed  in  an  ice  box.  A  24  per  cent  solution  of  tannin  was  prepared,  filtered,  and 
placed  in  the  ice  box.  After  one  hour  30  cc  of  the  24  per  cent  tannin  solution  were 
added  to  each  flask  and  the  two  flasks  filled  to  the  mark  with  ice  cold  water.  The 
flasks  were  thoroughly  shaken  and  stood  in  the  ice  box  over  night.  A  blank  must  be 
carried  out  simultaneously,  as  the  best  tannin  contains  some  nitrogen.  The  solutions 
are  filtered  into  50  cc  flasks  and  the  nitrogen  determined  in  the  50  cc.  The  nitrogen 
figure  thus  obtained  multiplied  by  two,  minus  the  nitrogen  of  the  blank,  gives  the 
amido  nitrogen  in  50  cc  of  the  coagulable  filtrate. 

The  sum  of  the  amido  and  coagulable  nitrogen  subtracted  from  the  total  soluble 
nitrogen  is  considered  as  proteoses  and  peptones.  No  effort  was  made  to  separate  the 
albumoses,  proteoses,  and  peptones.  All  the  results  are  calculated  to  a  moisture  and 
fat-free  basis  and  are  also  expressed  in  per  cent  of  the  total  nitrogen  of  each  day's 
analysis. 

The  ice  water  extractions  were  made  by  Mr.  H.  L.  Amoss  and  the  coagulable  and 
amido  nitrogen  separations  by  Mr.  F.  C.  Cook,  both  of  the  Bureau  of  Chemistry. 

The  methods  as  selected,  while  not  representing  all  that  might  have  been  employed, 
were  those  that  have  been  generally  used  in  the  Bureau  of  Chemistry,  and  it  is  hoped 
that  the  work  may  be  used  as  a  starting  point  in  this  subject  and  serve  to  show  the 
accuracy  of  the  methods  when  applied  to  meats  in  a  progressive  state  of  deterioration. 

Discussion  of  Results. 

The  moisture  results  show  very  little  change  throughout  the  period,  the  average 
in  the  case  of  the  fresh  and  preserved  samples  being  73.00  and  71.70  per  cent  for 
the  storage  sample.  There  was  4.12  per  cent  of  fat  in  the  fresh  chicken  and  4.09  per 
cent  in  the  storage.  The  results  on  total  nitrogen  (see  table,  page  48)  are  as  uniform 
throughout  as  the  nature  of  the  material  and  the  accuracy  of  sampling  would  permit, 
and  serve  to  show  that  there  is  no  gaseous  loss  of  nitrogen,  while  the  ammonia  nitrogen 
(that  determined  directly  on  the  sample,  as  well  as  that  determined  in  the  extract) 
is  markedly  increased  throughout  and  very  uniform,  particularly  in  the  case  of  the 
stored  and  preserved  samples.  The  amount  is  quite  small  at  the  time  of  the  first 
analysis  and  remains  so  till  the  third  analysis  (made  after  standing  two  days) ,  when  the 
storage  sample  contains  a  little  more  than  the  other  samples.  From  this  point  the 
increase  is  rapid.  The  variations  in  percentage  amounts  are  from  practically  1  per 
cent  in  all  cases  on  the  first  analysis,  to  11,  15,  and  13  per  cent  for  the  fresh  stored  and 
preserved  samples,  respectively,  on  the  last  analysis,  after  seven  days  standing.  The 
ammonia  results  on  the  water  extract  were  unfortunately  not  made  on  the  first 
day.  They  show  practically  the  same  results  as  those  determined  directly,  but  are 
not  quite  so  uniform  and  not  so  high  in  amount.  In  the  case  of  the  formation  of 
ammonia,  the  increased  amount  seems  to  begin  to  be  formed  after  two  days  standing. 

In  connection  with  these  changes  it  may  be  well  to  state  here  the  changes  in  the 
samples  which  could  be  observed  macroscopically.  At  the  time  of  first  analysis  the 
samples  were  fresh,  the  storage  sample  showing  a  characteristic  dried  appearance. 
After  standing  one  day  they  were  practically  the  same,  though  what  may  be  termed  a 
slight  fermenting  action  seemed  to  be  taking  place.  On  standing  two  days  the  samples 
had  begun  to  deteriorate,  especially  the  fresh  and  stored  sample,  while  the  preserved 
sample  appeared  fairly  fresh.     After  three  days  standing,  the  deterioration  was  more 
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marked.  A  slight  odor  of  spoiled  meat  was  noticeable,  more  markedly  in  the  fresh 
and  stored  meat  than  in  the  preserved.  After  standing  six  days  the  odor  was  quite 
bad;  the  samples  had  lost  their  texture  and  there  was  no  doubt  that  they  had  spoiled. 
No  difference  in  their  physical  condition  could  be  detected  after  standing  seven  days 
that  was  not  noticeable  after  six  days  standing. 

The  nitrogen  determined  in  the  water-soluble  material  at  room  temperature  shows 
the  total  nitrogen  extracted  to  be  largely  increased  during  the  experiment,  the  first 
decided  increase  showing  in  the  samples  after  standing  two  days.  The  coagulable 
nitrogen  shows  but  a  slight  tendency  to  increase,  the  most  marked  and  uniform  change 
being  in  the  stored  sample.  The  amido  nitrogen  is  not  very  uniform  and  shows  a 
tendency  to  decrease  especially  where  the  samples  are  in  an  advanced  stage  of  putre- 
faction. The  nitrogen  here  termed  proteoses  and  peptones  is  markedly  increased 
during  the  final  days  of  the  experiment,  the  storage  sample  again  showing  a  more  uni- 
form change.  The  increase  of  ammonia  nitrogen  in  the  water  extract  conforms  to  that 
determined  directly,  but  is  not  quite  so  large  in  amount. 

The  nitrogen  in  the  ice  water  extract  in  the  various  forms  separated  shows  the  same 
general  trend  as  does  that  of  the  room  temperature  extract,  though  the  amounts 
extracted  are  usually  not  so  large. 

The  graphic  charts,  figs.  3  and  4,  show  these  changes  more  plainly.  It  is  quite 
noticeable  throughout  that  the  results  on  the  storage  sample  are  very  uniform  and 
progressive  and,  moreover,  in  all  but  two  instances,  in  all  the  determinations,  the 
results  on  the  first  analysis  show  the  storage  sample  to  be  lower  in  the  various  con- 
stituents than  the  fresh  samples.  The  same  general  tendency  seems  to  run  through- 
out the  experiment  though  one  would  expect  the  storage  meat  to  deteriorate  more 
rapidly. 

Taking  into  consideration  the  variations  in  the  determinations  and  the  limitations 
of  the  methods  themselves,  there  does  not  appear  to  be  a  very  clearly  defined  point 
at  which  deterioration  can  be  said  to  begin,  unless  it  is  shown  by  the  ammonia  and 
water-soluble  total  nitrogen  determinations.  The  increase  in  these  constituents  coin- 
cides with  the  macroscopical  observation  and  physical  appearance  of  the  sample.  The 
use  of  ice  water  in  the  extraction  is  unnecessary,  as  the  methods  employed  are  not  of 
sufficient  accuracy  to  detect  the  greater  changes  from  day  to  day  in  the  early  stages, 
much  less  any  change  which  may  be  due  to  enzymic  action  during  the  process  of 
extraction. 

It  seems  probable  from  the  results  that  the  determination  of  ammonia  may  be  a 
valuable  asset  in  showing  the  first  indications  of  changes,  as  these  results  are  the 
most  uniform  and  progressive.  A  large  amount  of  work  has  recently  been  done  on 
the  methods  for  the  determination  of  ammonia  in  animal  and  vegetable  materials. 
Richardson  a  after  considerable  experimenting  on  the  ammonia  nitrogen  determina- 
tion, and  in  which  he  extracted  the  meat  with  60  per  cent  alcohol  and  distilled  with 
magnesium  oxids,  aspirating  air  through  the  flask,  and  distilling  under  reduced  pres- 
sure, finally  adopted  the  method  as  outlined  above  as  best  suited  to  the  purpose. 

His  results  on  pure  ammonium  chlorid  distilled  in  a  vacuum  with  magnesium  oxid 
and  60  per  cent  alcohol  are  nearly  theoretical.  This  is  in  substance  the  method  as 
now  employed  in  the  determination  of  ammonia  in  urine  and  might  be  adapted  to 
this  work. 

a  J.  Amer.  Chem.  Soc,  1908,  30:  1515. 
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Fig.  3. — Direct  determinations  of  total  nitrogen  and  ammonia  and  changes  in  the  nitrogenous  consti- 
uents  (soluble  in  ice  water)  of  fresh,  cold-stored,  and  preserved  chicken  meat,  during  seven  days. 
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Fig.  4.— Changes  taking  place  during  seven  days  in  the  nitrogenous  constituents  (water-soluble  at  room 
temperature)  of  fresh,  cold-stored,  and  preserved  chicken  meat. 
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REPORT  ON  THE  ADULTERATION  OF  DAIRY  PRODUCTS. 

By  Hermann  C.  Lythgoe,  Associate  Referee. 

The  referee,  with  the  help  of  Messrs.  Nurenberg  and  Marsh,  assistant  analysts  of 
the  Massachusetts  State  board  of  health,  has  made  a  study  of  the  different  methods  for 
the  preparation  of  milk  serum  and  for  the  detection  of  calcium  sucrate  in  cream.  As 
a  result  of  this  work  it  is  apparent  that  the  provisional  method  for  the  preparation  of 
milk  serum  needs  no  modification,  but  the  method  of  Baier  and  Neumann  for  the 
detection  of  sucrose  in  milk  or  cream  should  be  made  provisional.  The  work  done  is 
embodied  in  the  two  following  articles. 

A  Comparison  of  Methods  for  the  Preparation  of  Milk  Serum. 

The  samples  of  milk  used  in  this  investigation  were  all  milked  in  the  presence  of  an 
inspector  or  an  analyst  of  the  Massachusetts  State  board  of  health  and  represented 
nearly  all  breeds  of  dairy  cattle,  particularly  the  Holstein,  Ayrshire,  Dutch  Belted, 
and  grade  Holstein  cows.  The  methods  employed  were  the  provisional  (acetic  acid) 
method,  natural  souring, «  calcium  chlorid  method, &  and  asaprol  method.0  The 
details  of  the  methods  other  than  the  provisional  methods  are  as  follows : 

Natural  souring  method. — Allow  the  samples  to  sour  spontaneously  and  filter  off  the 
serum. 

Calcium  chlorid  method. — Place  90  cc  of  milk  in  a  flask,  add  0.75  cc  of  calcium  chlorid 
solution — sp.  gr.  1.1375  (when  diluted  1:10  this  solution  reads  26  on  the  immersion 
refractometer  at  17.6°  C),  shake  thoroughly,  close  the  flask  with  a  cork  carrying  a 
glass  tube  to  act  as  a  reflux  condenser,  place  in  a  boiling  water  bath  for  twenty  minutes, 
cool  to  20°,  mix  the  condensed  water  and  serum  without  shaking,  and  filter. 

Asaprol  method. — The  precipitating  solution  is  made  by  dissolving  30  grams  of 
asaprol  and  55.8  grams  of  crystallized  citric  acid  in  1  liter  of  water.  If  the  refraction 
of  this  solution  is  not  36.3  on  the  scale  of  the  immersion  refractometer  at  20°,  add 
water  or  citric  acid  to  make  it  so.  Mix  equal  volumes  of  the  above  solution  and  the 
milk,  shake  well,  and  filter. 

In  the  accompanying  table  are  the  results  of  the  refraction  of  the  milk  serum  pre- 
pared from  milk  samples  of  known  purity  when  two  or  more  methods  were  applied 
to  the  same  sample  of  milk.  The  asaprol  method  is  by  far  the  easiest  of  manipulation. 
It  gives  the  clearest  serum  in  the  least  time  and  shows  the  lowest  refraction  with  the 
least  variation.  Unfortunately  pure  asaprol  is  very  difficult  to  obtain,  and,  owing  to 
the  fact  that  it  decomposes  readily,  it  is  not  an  easy  matter  to  prepare  different  solu- 
tions that  will  give  identical  sera  with  the  same  sample  of  milk.  The  calcium  chlorid 
method  is  the  most  difficult  of  manipulation  and  is  liable  to  give  a  cloudy  serum  rather 
troublesome  to  read,  but  the  results  are  lower  than  those  obtained  by  the  acetic  acid 
method  and  not  so  variable.  The  natural  souring  method  is  too  slow  for  ordinary  use, 
but  is  valuable  in  the  hot  weather  if  the  milk  is  nearly  sour  when  it  reaches  the  analyst. 
Four  years'  experience  with  the  provisional  method  has  shown  it  to  be  reliable,  easy 
of  manipulation,  and  to  give  concordant  results. 

o  Matthes  and  Miiller,  Zts.  offentl.  Chem.,  1903,  10:  173. 

&  Ackerman,  Zts.  Untersuch.  Nahr.  Genussm.,  1907,  13:  186. 

c  Baier  and  Neumann,  Zts.  Untersuch.  Nahr.  Genussm.,  1907,  13:  369. 
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Refraction  of  milk  sera  from  known  purity  milk  of  individual  cows. 


Method. 

Method. 

Acetic 
acid. 

Natural 
souring. 

Calcium 
chlorid. 

Asaprol. 

Acetic 
acid. 

Natural 
souring. 

Calcium 
chlorid. 

Asaprol. 

46.2 
45.9 
45.8 
45.7 
45.6 
45.5 
45.1 
44.9 
44.8 
44.8 
44.7 
44.6 
44.5 
44.8 
44.4 
44.3 
44.3 
44.3 
44.2 
44.2 
44.1 
44.1 
44.0 
43.9 
43.9 
43  8 
43.8 
43.8 
43.8 
43.7 
43.7 
43.7 
43.7 
43.6 
43.6 
43.6 
43.5 
43.5 
43.5 
43.4 
43.2 
43.2 
43.2 
43.2 
43.0 

47.7 
44.6 
44.0 
43.4 
43.5 
41.5 
41.5 
41.5 
43.8 
43.7 
43.5 

43.0 
43.0 
43.0 
43.0 
43.0 
43.0 
43.0 
43.0 
43.0 
42.9 
42.9 
42.9 
42.8 
42.7 
42.7 
42.6 
42.5 
42.5 
42.5 
42.4 
42.3 
42.3 
42.3 
42.3 
42.2 
42.2 
42.1 
42.1 
42.0 
42.0 
42.0 
41.8 
41.7 
41.7 
41.7 
41.6 
41.5 
41.4 
41.3 
41.2 
40.6 
40.5 
40.4 
40.0 

43.2 
42.8 
42.3 
42.0 
41.7 
41.5 
41.4 
41.1 
40.9 
43.6 
43.0 
41.4 

38.4 

40.1 

37.0 

38.7 
39.0 
39.8 

37.1 

36.8 
36.1 

39.1 
38.4 

36.4 
36.6 

39.2 

36.0 
36.6 
36.6 

36.5 

38.5 

39.6 

36.7 

37.4 

45.0 
42.8 
43.8 
43.0 
42.8 
42.3 
41.2 
41.0 
43.0 
40.7 
42.2 
44.5 
42.6 
44.0 
44.0 
43.0 
41.6 
44.2 
42.6 
42.4 
41.5 
43.0 
43.0 
42.0 
43.5 
42.8 
41.0 
43.1 
43.3 
42.2 
41.8 
40.9 
43.7 

35.7 
36.7 

38.8 
38.0 
38.1 
39.3 

41.3 

42.2 
41.5 

36.1 
36.3 

39.0 
38.6 

37.0 
37.0 

38.2 

36.6 
36.4 
37.0 
36.8 
36.6 
36.7 
37.0 

43.3 
43.7 
41.9 
41.6 
40.8 
42.0 
41.0 
44.0 
43.7 
41.0 
40.3 
40.2 
40.5 
40.9 

39.1 
38.2 
38.9 

36.7 
36.8 

39.0 

39.8 
38.8 

36.8 
36.6 

36.7 
37.5 
37.5 

37.1 
36.8 

36.2 
35.8 

36.9 

38.2 
38.0 
36.8 

36.1 

40.0 
38.6 

36.3 
36.3 

40.0 
43.9 
40.4 
40.3 
40.3 
40.0 
40.7 
39.3 
38.3 
40.1 

36.2 
36.0 
35.7 
35.6 

36.4 
38.4 

38.4 

36.3 

36.6 

35.8 

38.9 

36.6 
37.4 

Mixed  milk  of  known  purity. 


43.6 
43.5 
43.4 


42.9 
42.0 


39.0 
38.7 
38.2 


37.5 


36.7 


42.5 
42.1 


41.0 
39.3 


39.4 


The  Detection  of  Calcium  Sucrate  in  Milk  or  Cream. 

The  calcium  sucrate  used  in  this  investigation  was  prepared  by  adding  2.5  parts,  by- 
weight,  of  sugar  to  1  part  of  quick  lime  slaked  in  8  parts  of  water,  allowing  to  settle, 
and  decanting  the  supernatant  liquid.  The  sample  polarized  at  17.3°  V.  in  the  200  mm 
tube  and  its  alkalinity  was  1.86  normal. 

Leffmann's  method0  for  the  detection  of  calcium  sucrate  in  cream,  using  sesame  oil 
and  hydrochloric  acid  as  the  reagents,  was  found  to  be  satisfactory  only  in  the  presence 
of  larger  quantities  than  are  necessary  to  thicken  cream,  therefore  it  was  abandoned. 

The  method  of  Baier  and  Neumann^  was  found  to  be  entirely  satisfactory  for  the 
detection  of  sugar,  and  is  as  follows: 


a  Chem.  Ztg.,  1906,  30:  638. 

&  Zts.  Nahr.  Genussm.,  1908,  16:  51. 
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To  25  cc  of  milk  or  cream  add  10  cc  of  a  5  per  cent  solution  of  uranium  acetate, 
shake,  allow  to  stand  for  five  minutes  and  filter.  If  the  filtrate  is  not  clear  pour  it 
through  the  filter  again.  To  10  cc  of  the  clear  filtrate  (in  the  case  of  cream  use  the 
total  filtrate  if  less  than  10  cc)  add  2  cc  of  a  cold  saturated  solution  of  ammonium 
molybdate  and  8  cc  of  dilute  hydrochloric  acid  (1  part  of  25  per  cent  hydrochloric  acid 
and  7  parts  of  water)  shake  well  and  place  in  a  water  bath  at  80°  C.  for  five  minutes. 
If  the  sample  is  pure  the  solution  will  resemble  a  nickel  sulphate  solution,  but  if  sugar 
is  present  it  will  be  of  a  Prussian  blue  color.  These  different  colors  can  be  readily 
distinguished  but  it  is  advisable  to  compare  with  a  standard  blue  solution  made  by 
adding  a  few  drops  of  potassium  ferrocyanid  and  5  drops  of  10  per  cent  hydrochloric 
acid  to  a  solution  of  1  cc  of  0.1  per  cent  ferric  chlorid  in  20  cc  of  water. 

Alkalinity  of  ash. — Evaporate  25  cc  of  cream  to  dryness,  and  burn  to  an  ash  in  a 
muffle.  Dissolve  the  ash  in  an  excess  of  tenth-normal  sulphuric  acid,  boil  to  expel 
the  carbon  dioxid  and  titrate  back  with  tenth-normal  sodium  hydroxid,  using  phe- 
nolphthalein  as  the  indicator.  Express  results  as  cubic  centimeters  of  tenth-normal 
acid  required  to  neutralize  the  ash  of  100  grams  of  cream. 

Determination  of  calcium. — Add  acetic  acid  to  the  final  solution  from  the  above 
determination,  heat  to  boiling,  add  1  gram  of  sodium  acetate  and  an  excess  of  ammo- 
nium oxalate.  Filter  and  wash  the  precipitated  calcium  oxalate  with  water,  dissolve 
in  hot  dilute  sulphuric  acid,  and  titrate  hot  with  tenth-normal  potassium  perman- 
ganate. The  number  of  cubic  centimeters  of  tenth-normal  potassium  permanganate 
multiplied  by  0.0112  (4  X  0.0028)  gives  the  percentage  of  calcium  oxid  in  the  sample. 

The  table  appended  shows  the  composition  and  reactions  of  pure  and  adulterated 
cream,  using  the  Baier  and  Neumann  method  for  calcium  sucrate.  It  is  recommended 
that  this  method  be  distributed  for  criticism. 

Results  on  pure  and  adulterated  creams  using  the  Baier  and  Neumann  method  for  calcium 

sucrate. 


Pure  cream. 

Cream  containing  calcium  sucrate. 

Calci- 

Total 
solids. 

Fat. 

Ash. 

Alka- 
linity 

of 
ash. 

Calci- 
um 
oxid. 

Sucrose. 

um  su- 
crate 
added 
per 
liter. 

Fat. 

Ash. 

Alka- 
linity 
of 
ash. 

Calci- 
um 
oxid. 

Sucrose. 

Perct. 

Perct. 

Perct. 

cc. 

Per  ct. 

cc. 

Perct. 

Perct. 

cc. 

Per  ct. 

51.20 

45.2 

0.36 

7.6 

0.073 

None. 

5 

37.9 

0.50 

19.2 

0.147 

Present. 

49.98 

43.2 

.35 

6.0 

.073 

None. 

2 

37.9 

.46 

13.2 

.130 

Do. 

47.86 

42.8 

.39 

6.4 

.062 

None. 

5 

41.4 

.39 

11.6 

.095 

Do. 

47.12 

41.4 

.37 

6.8 

.069 

None. 

4 

42.8 

.43 

10.0 

.101 

Do. 

41.4 

.43 

8.8 

.099 

None. 

40.4 

.38 

7.6 

.092 

None. 

MAR] 
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47.00 

39.2 

.40 

8.0 

.091 

None. 

36.4 

.49 

16.0 

.123 

Do. 

39.2 

.36 

7.2 

.085 

None. 

39.8 

16.0 

.143 

Do. 

45.02 

39.6 

.41 

6.8 

.083 

None. 

28.8 

14.0 

.135 

Do. 

43.08 

36.8 

.33 

7.6 

.094 

None. 

39.8 

10.8 

.130 

Do. 

42.80 

37.2 

.41 

7.2 

.086 

None. 

35.6 

12.0 

.141 

Do. 

42.75 

36.8 

.46 

7.6 

.083 

None. 

REPORT  ON  CEREAL  PRODUCTS. 

By  E.  F.  Ladd,  Associate  Referee. 

During  the  past  year  considerable  work  was  undertaken  in  our  own  laboratory  upon 
cereal  products,  very  little  of  which  has  as  yet  been  completed.  Therefore  only  a 
report  of  progress  can  be  made.  As  the  result  of  examinations  made  by  A.  S.  Mitchell, 
chief  of  the  St.  Paul  Food  and  Drug  Inspection  Laboratory,  the  following  methods  are 
suggested: 

Methods  for  Analysis  op  Cereal  Products. 


moisture. 


Dry  a  convenient  quantity  of  the  flour  (approximately  5  grams)  at  the  temperature 
of  boiling  water  in  a  current  of  dry  hydrogen  or  in  vacuo  until  it  ceases  to  lose  weight. 
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Char  a  convenient  weight  of  the  original  sample  (from  2  to  5  grams)  in  a  platinum 
dish,  in  a  muffle,  at  the  lowest  possible  temperature  until  free  from  carbon.  If  carbon 
free  ash  can  not  be  obtained  owing  to  its  fusibility,  exhaust  charred  mass  with  water 
and  proceed  as  under  ash,  Bulletin  107,  page  38. 

CRUDE    FAT   (ETHER   EXTRACT). 

Extract  a  convenient  quantity  of  the  product  (from  4  to  5  grams)  as  dried  in  the 
determination  of  moisture  with  anhydrous,  alcohol-free  ether,  for  24  hours  (with  fine 
flour  the  addition  of  an  equal  weight  of  clean  dry  sand  is  frequently  necessary").  Dry 
the  extract  at  the  temperature  of  boiling  water  until  it  ceases  to  lose  weight. 

Note. — Iodin  numbers  should  only  be  obtained  upon  the  ether  extract  after  purifi- 
cation by  solution  in  petrolic  ether,  but  are  best  made  upon  the  petroleum  ether 
extract. 

SOLUBLE  CARBOHYDRATES  (AS  DEXTROSE). 

Weigh  16  grams  of  flour  into  a  500  cc  flask.  Add  200  cc  of  water.  Shake  occasion- 
ally during  one-half  hour.  Filter  through  a  dry  folded  filter.  To  50  cc  of  the  filtrate 
add  5  cc  of  concentrated  hydrochloric  acid.  Place  the  flask  in  water  and  invert  at 
70°  C.  for  ten  minutes.  Cool,  neutralize,  and  bring  to  100  cc.  Filter.  Determine  the 
reducing  sugars  with  Fehling  solution,  by  the  official  method,  as  described  in  Bulletin 
107,  calculating  the  reducing  sugars  as  dextrose. 

CRUDE    FIBER. 

Determine  the  crude  fiber  in  2  grams  of  flour  by  the  official  method  (Bui.  107), 
filtering  through  linen  in  a  Buchner  funnel. 

DETERMINATION    OF    MOIST   GLUTEN. 

Dough  up  30  grams  of  flour  with  18  cc  of  water  conveniently  in  an  8-ounce  mortar. 
Weigh  off  16  grams  of  dough  equivalent  to  10  grams  of  flour.  Place  in  water  at  room 
temperature  for  one  hour  and  carefully  wash  out  the  starch  over  bolting  cloth  or  a  fine 
horsehair  sieve.  After  expressing  all  globules  of  water,  weigh  the  moist  gluten  upon 
a  watch  glass.     Dry  in  a  desiccator  for  24  hours  and  complete  drying  in  water  oven. 

ACIDITY  IN  FLOUR. 

Weigh  18  grams  of  flour  into  a  500  cc  Erlenmeyer  flask  and  add  200  cc  of  distilled 
water,  previously  freed  from  carbon  dioxid  by  boiling  in  tin.  Place  the  loosely  stop- 
pered flask  in  a  water  bath  kept  at  40°  C.  for  10  minutes,  shaking  repeatedly.  Remove 
the  flask  and  allow  it  to  stand,  with  occasional  shaking,  at  room  temperature  for  one 
hour.  Filter  upon  a  dry  folded  filter,  rejecting  the  first  10  cc  and  receiving  the  suc- 
ceeding 100  cc  in  a  graduated  flask.  Titrate  the  filtrate  with  twentieth-normal  sodium 
hydroxid,  using  carefully  neutralized  phenolphthalein  in  alcohol  as  an  indicator. 
Each  cubic  centimeter  of  twentieth-normal  sodium  hydroxid  represents  0.05  per  cent 
of  acidity  as  lactic  acid. 

Note.— Results  obtained  with  flour  at  temperatures  of  15°,  20°,  and  25°,  respectively, 
indicate  that  the  acidity  in  the  solution  increases  with  the  temperature.  The  method 
outlined  seems  to  give  the  maximum  acidity. 

TOTAL   NITROGEN  IN  FLOUR. 

Determine  the  total  nitrogen  in  2  grams  of  flour  according  to  the  official  method, 
preferably  the  Gunning  method,  Bulletin  107,  page  7.  The  nitrogen  times  6.25  gives 
total  proteids. 

GLOBULIN   AND   ALBUMEN    (EDESTIN   AND   LEUCOSIN)    AND   AMID    NITROGEN. 

Weigh  5  grams  of  flour  into  a  500  cc  Erlenmeyer  flask.  Add  250  cc  of  sodium  chlorid 
solution  1  per  cent.  Stopper  and  shake  thoroughly.  Let  stand,  with  occasional  shak- 
ing, for  three  hours.  Filter  on  dry  paper.  Evaporate  100  cc  of  the  filtrate  to  small  vol- 
ume in  a  Kjeldahl  digestion  flask  with  5  cc  of  sulphuric  acid.    Add  remainder  of  the 
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sulphuric  acid  and  determine  the  nitrogen  by  the  Gunning  method.  To  a  second  100 
cc  of  the  filtrate  add  5  cc  of  phosphotungstic  acid,  20  per  cent  solution;  shake  thor- 
oughly, allow  to  settle,  and  filter  by  decantation.  Wash  slightly  with  water.  Con- 
centrate the  filtrate  with  5  cc  of  sulphuric  acid  in  Kjeldahl  flask  and  determine  the 
nitrogen  as  amid. 

Deduct  the  amid  nitrogen  from  the  nitrogen  found  in  the  first  fraction  to  obtain  the 
nitrogen  as  globulin  and  albumen.     This  figure  times  6.25  gives  globulin  and  albumen. 

ALCOHOL  SOLUBLE  PROTEINS  (GLIADIN). 

Weigh  4  grams  of  flour  into  a  500  cc  Erlenmeyer  flask,  add  200  cc  of  alcohol  0.90  sp.  gr. 
Shake  occasionally  during  three  hours.  Let  stand  12  hours.  Filter  through  a  dried 
filter.  Evaporate  the  alcohol  from  100  cc  of  the  filtrate  after  the  addition  of  5  cc  of 
sulphuric  acid  and  determine  the  nitrogen  as  alcohol  soluble  nitrogen.  This  figure, 
less  the  amid  nitrogen,  gives  the  alcohol  soluble  proteid  nitrogen  or  gliadin. 

GLUTENIN    (DETERMINATION    BY    DIFFERENCE). 

Deduct  from  the  total  nitrogen  the  salt  soluble  nitrogen  plus  the  gliadin.  This 
times  6.25  gives  the  gluten  in. 

GLIADIN    BY    POLARIZATION    (METHOD    OF   SNYDER). 

Weigh  15.97  grams  of  flour  into  a  300  cc  flask.  Add  100  cc  of  0.90  sp.  gr.  alcohol. 
Shake  at  intervals  during  three  hours  and  let  stand  overnight.  Filter  through  a  dry 
folded  filter.  Polarize  in  a  220  mm  tube.  Precipitate  the  proteids  in  50  cc  of  the 
filtrate  with  5  cc  of  Millon's  reagent.  Shake,  filter,  and  polarize  the  filtrate  in  a  220  mm 
tube.  Add  50  per  cent  to  the  reading  and  deduct  the  sum  from  the  first  reading.  This 
difference  times  0.2  gives  the  per  cent  of  nitrogen  as  gliadin. 

FAT    DETERMINATION    (BASSETT). 

An  effort  was  made  to  discover  a  method  whereby  the  time  for  determining  fat 
and  moistures  in  cereal  samples,  especially  flour,  could  be  much  shortened  and  without 
a  sacrifice  of  accuracy.  H.  P.  Bassett,  of  the  North  Dakota  laboratory,  was  assigned 
some  work  along  this  line,  the  results  of  which  are  embodied  in  the  following: 

Fat  in  flour  has  been  determined  usually  by  the  method  given  by  Leach,  which  is 
outlined  so  as  to  be  applicable  to  all  food  and  feeding  stuffs.  However,  in  making  fat 
determinations  on  flour  by  Leach's  method  considerable  time  is  required,  and  unless 
special  precautions  are  taken  the  analyst  could  never  check  himself.  This,  in  any 
method,  indicates  inaccuracy.  In  examining  the  difficulties  which  might  arise  to 
affect  this  method,  it  was  especially  noted  that  oxidation  might  take  place  in  drying 
the  flour  in  a  hot-water  oven,  as  is  generally  practiced,  since  the  fat  in  the  flour  is  in  a 
fine  state  of  division,  which  gives  the  most  favorable  conditions  for  oxidation.  Again, 
the  special  precaution  of  removing  the  last  trace  of  moisture  from  the  flour  seemed 
to  be  an  unnecessary  point  when  the  ether,  as  generally  employed,  contained  probably 
ten  times  more  water  than  was  found  in  the  dried  flour. 

The  extraction  by  the  Leach  extractor  is  also  slow,  requiring  sixteen  hours,  and  in 
apparatus  arranged  in  such  a  manner  that  it  can  not  always  be  run  with  safety  over- 
night. This  means,  then,  three  full  working  days  before  a  determination  can  be  made — 
one  for  the  moisture  determination  and  two  for  the  fat  determination. 

In  order  to  avoid  these  difficulties,  the  following  method  was  developed: 

Ten  grams  of  flour  were  weighed  into  a  tared  gooch  crucible,  then  placed  in  the 
ordinary  gooch  funnel,  which  was  inserted  into  a  rubber  stopper  in  the  top  of  a  low 
bell-jar,  which  rested  upon  a  ground-glass  plate.  Under  the  bell-jar  and  directly  under 
the  gooch  funnel  was  placed  a  second  glass  plate  to  avoid  the  possibility  of  getting 
vaseline  on  the  bulb,  which  was  to  catch  the  filtrate,  vaseline  being  used  to  make  an 
air-tight  joint  between  the  bell-jar  and  ground-glass  plate.  The  gooch  was  now  filled 
with  ether  six  times,  each  time  drawing  off  with  the  filter  pump.  The  ether  extract 
was  collected  in  a  bulb  similar  to  those  with  a  Soxhlet  apparatus.  This  bulb  was  then 
removed  and  connected  with  a  Liebig's  condenser,  and  the  ether  distilled  off  with  a 
32  candle-power  incandescent  bulb,  this  being  used  as  it  avoided  the  possibility  of  the 
vapors  of  ether  catching  fire,  and  also  has  the  additional  advantage  of  not  being  so  hot 
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as  to  easily  burn  the  fat.  The  residue  in  the  gooch  crucible  is  now  dried  in  an  air 
oven  and  weighed,  the  loss  in  weight  being  equal  to  the  fat  and  moisture.  The  fat 
having  been  determined,  the  moisture  is  easily  obtained  by  difference. 

The  results  by  this  method,  however,  are  considerably  higher  than  by  the  Leach 
method — often  twice  as  much — but  there  is  no  difficulty  in  the  analyst  duplicating 
his  results.    Following  are  some  of  the  figures  obtained  by  this  method: 

Comparison  of  methods  for  fat  determinations. 


Number 

of 
experi- 
ment. 

New  method. 

Leach  method. 

1. 

2. 

1. 

2. 

1 

2 

3 

4 

6 

7 

8 

9 

10 

11 

12 

13 

Per  cent. 
1.26 
1.70 
2.29 
1.16 
1.08 
2.66 
1.07 
1.32 
2.14 
.97 
1.05 
3.05 

Per  cent. 
1.24 
1.71 
2.30 
1.22 
1.12 
2.66 
1.07 
1.36 
2.18 
.99 
1.02 
3.00 

Per  cent. 
0.47 
1.21 
1.83 

.60 
1.17 

.60 
1.30 
2.37 

.70 

.65 
2.43 

Per  cent. 

0.45 

1.23 

1.87 

.70 

.53 

1.27 

.62 

1.28 

2.28 

.65 

.65 

2.52 

Discussion  of  Results. 

Comparing  the  results  by  the  two  methods,  it  is  noticed  at  once  that  none  of  those 
by  the  new  method  checks  those  made  by  the  old  method,  and  it  was  thought  at  first  that 
there  might  possibly  be  an  error  on  account  of  the  moisture  present  in  the  flour  while 
extracting,  the  tests  by  the  old  method  being  carried  out  on  dry  flour.  A  large  amount 
of  moisture  would  probably  cause  some  of  the  sugar-like  substances  to  be  extracted.  In 
order  to  test  this  point,  the  following  experiments  were  performed :  Ten  grams  of  flour 
were  weighed  out  in  a  gooch  crucible  as  before  and  placed  in  a  large-mouthed  bottle, 
which  was  closed  with  a  two-hole  rubber  stopper.  Carbon  dioxid  which  had  been 
dried  over  concentrated  sulphuric  acid  was  conducted  through  the  bottle,  the  same 
being  arranged  in  a  water  bath  and  heated  for  four  days  under  these  conditions.  This 
was  then  extracted  with  ether,  according  to  the  new  method.  The  results  obtained 
checked  exactly  those  extracted  without  drying. 

Results  obtained  by  new  method  on  dried  and  fresh  flours . 


No. 

Fat  in            Fat  in 
dried  flour,    fresh  flour. 

1 
2 
3 
4 

Per  cent. 
1.21 
1.22 
1.24 
1.24 

Per  cent. 
1.24 
1.26 
1.23 
1.22 

The  next  point  considered  was  to  determine  if  flour  dried  in  carbon  dioxid,  under 
these  conditions,  would  give  the  same  per  cent  of  fat  as  by  the  new  method  or  would 
check  the  old  method.  Therefore,  2  grams  of  flour  were  weighed  out  in  a  small  test 
tube  with  a  hole  in  the  bottom,  which  was  closed  by  an  asbestos  plug.  This  was  then 
placed  in  the  bottle  described  and  dried  for  four  days,  after  which  it  was  extracted  by 
the  Leach  method,  the  following  results  being  obtained: 
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Fat  determinations,  drying  with  carbon  dioxid. 


New 
method. 

COrdried 

flour  by  old 

method. 

1.26 
1.24 
1.23 

1.22 

1.21 
1.22 
1.21 
1.19 

It  is  evident  that  when  dried  in  carbon  dioxid  the  flour  does  not  undergo  any 
oxidation,  while  from  these  results  the  point  seems  almost,  if  not  completely,  proven 
that  it  does  undergo  oxidation  when  dried  in  the  open  air,  and  for  this  reason  it  is 
hard  to  obtain  results  that  check. 

Numerous  determinations  have  been  made  by  this  method  and  it  has  given  perfect 
satisfaction  as  well  as  being  extremely  rapid.  Time  may  be  saved,  as  the  gooch 
crucible  does  not  need  a  new  pad  every  time,  the  same  one  being  used  for  at  least 
fifteen  determinations  by  simply  knocking  out  the  extracted  flour  when  through. 
Further,  the  flask  containing  the  fat  may  be  used  six  or  eight  times  without  cleaning, 
where  a  number  of  determinations  are  being  made. 

This  work  was  carried  out  with  ether  as  the  solvent,  but  chloroform,  acetone,  or 
benzin  may  also  be  used,  similar  results  being  obtained.  The  following  results  were 
obtained: 

Fat  determinations  by  the  new  method,  using  different  solvents. 


No. 

Ether. 

Chloro- 
form. 

Acetone. 

Benzin. 

1 
2 
3 
4 

1.24 
1.26 
1.23 

1.22 

1.26 
1.27 
1.25 
1.29 

1.29 
1.26 
1.27 

1.28 

1.20 
1.21 

1.23 

1.22 

These  results  become  of  value  on  account  of  the  cost,  chloroform  and  benzin  being 
much  cheaper  than  ether  or  acetone. 

In  some  cases  feed  and  foodstuffs  are  not  well  ground,  nor  capable  of  being  ground 
as  fine  as  flour.  These  of  course  would  not  extract  by  the  above  method  readily,  but 
may  be  extracted  by  means  of  the  Soxhlet  apparatus  instead  of  the  gooch  crucible. 
The  Soxhlet  apparatus  was  used  on  flours  and  the  results  check  those  made  with  the 
gooch  crucible  very  closely. 

Either  one  of  the  solvents  named  may  be  used  instead  of  ether,  as  a  larger  amount 
of  solvent  is  required  under  such  conditions,  and  unless  special  precautions  are  taken 
considerable  loss  may  take  place. 

Comparison  of  results  on  fat,  using  a  gooch  and  the  Soxhlet  apparatus. 


Gooch  cru- 
cible. 

Soxhlet 
apparatus. 

1.24 
1.26 
1.23 
1.22 

1.24 
1.26 
1.27 
1.28 
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MOISTURE    DETERMINATION. 

The  moisture,  as  stated  in  the  preceding  method,  may  also  be  determined  by- 
drying  the  residue  in  a  hot-water  oven  and  then  weighing  the  crucible  and  residue, 
the  loss  being  equal  to  the  weight  of  the  fat  and  moisture  from  which  the  moisture 
may  be  determined.  The  following  results  were  obtained  and  will  be  compared  with 
the  old  method  by  Leach: 

Comparison  of  moisture  determinations  by  tivo  methods. 


New 
method. 

Old  method. 

Per  cent. 

Per  cent. 

Per  cent. 

8.60 

8.76 

8.66 

8.80 

8.76 

8.66 

8.88 

8.76 

8.66 

8.92 

8.76 

8.66 

The  results  here,  however,  are  not  so  close  as  in  the  fat  determinations,  but  out  of 
the  numerous  determinations  that  have  been  carried  out  in  this  laboratory  the  results 
have  checked  to  within  0.2  to  0.3  per  cent,  and,  in  the  majority  of  cases,  within  a 
hundredth  of  a  per  cent.  The  following  table  shows  a  few  results  which  will  give  an 
idea  of  the  accuracy  of  the  method: 

Duplicate  moisture  determinations  by  new  method  showing  degree  of  accuracy. 


Sample. 

Per  cent. 

Per  cent. 

1 

12.64 

12.76 

2 

12.36 

12.56 

3 

11.08 

11.06 

4 

11.40 

11.84 

5 

12.80 

12.06 

6 

11.40 

11.30 

7 

11.72 

11.80 

This  method  has  been  a  means  of  saving  much  time,  since  a  large  number  of  such 
determinations  were  made  during  the  flour  investigation  of  the  past  year. 

Considerable  work  was  also  undertaken  in  the  study  of  the  gluten  and  protein 
content  of  the  flour,  and  a  large  number  of  methods  were  tested.  Some  results  of 
special  interest  were  secured,  but  owing  to  the  illness  of  the  assistant  having  this 
work  in  charge  only  progress  in  this  direction  can  be  reported. 

Recommendation. 

It  is  recommended  that  for  the  coming  year  special  attention  be  given  to  testing 
methods  for  the  separation  of  the  gluten  constituents  of  flour,  tests  being  made  upon 
the  several  grades,  as  patent,  first  and  second  clears,  and  upon  flours  produced  from 
different  varieties  and  types  of  wheat. 


REPORT  ON  VEGETABLES  (CANNED  PEAS). 

By  W.  L.  Dubois,  Associate  Referee. 

The  work  on  this  subject  during  the  last  year  has  been  confined  to  the  examination 
of  canned  peas  for  the  purpose  of  distinguishing  soaked  peas  from  those  canned  when 
fresh.     Such  a  distinction  of  course  is  made  with  quite  a  degree  of  certainty  by  a 
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simple  examination  of  the  physical  appearance  of  the  goods,  noting  especially  the 
maturity  and  firmness  of  the  peas  and  the  consistency  of  the  liquor.  Soaked  peas 
usually  appear  more  or  less  broken  and  mashed  and  the  most  matured  show  well 
developed  cotyledons  and  are  packed  in  a  liquor  which  is  cloudy  and  starchy  in 
appearance. 

The  maturity  of  the  peas,  however,  can  not  be  taken  as  conclusive  evidence  that 
the  same  have  been  soaked,  because  many  well  developed  peas,  very  similar  in  appear- 
ance to  those  soaked  before  canning,  are  packed  as  numbers  4  and  5,  Early  June  and 
Telephone  peas,  and  are  not  soaked.  Neither  can  the  appearance  of  the  liquor  be 
finally  relied  upon,  since  the  most  mature,  fresh  peas  are  sometimes  found  in  a  liquor 
which  is  not  clear  and  is  more  or  less  starchy;  hence  it  is  desirable  to  obtain  data 
which  would  substantiate  conclusions  drawn  from  the  physical  appearance  of  the 
goods.  To  this  end  73  miscellaneous  samples  of  peas  have  been  examined  by  the 
referee  and  on  all  these  the  weight  of  the  liquor  and  drained  substance,  and  the  per- 
centage of  water  in  the  drained  substance  were  determined.  These  determinations 
alone  are  sufficient  to  distinguish  the  fresh  peas  and  some  of  the  more  succulent  grades 
from  the  soaked  goods,  the  chief  difficulty  arising  in  differentiating  between  the  soaked 
goods  and  the  more  matured  peas  put  up  in  the  fresh  state.  In  the  water  content  the 
latter  did  not  differ  very  widely  from  the  soaked  peas.  As  will  be  seen  from  the  table, 
the  average  content  of  water  in  24  samples  of  soaked  peas  is  71.98  per  cent,  and  the 
average  of  18  samples  of  Early  June  and  similar  grades  is  77.52  per  cent.  The  highest 
moisture  content  of  the  soaked  peas,  however,  exceeds  that  of  the  driest  of  the  Early 
June  peas,  so  that  there  is  an  overlapping  of  the  results  which  makes  it  impossible  to 
pronounce  a  conclusive  opinion  from  these  determinations  alone. 

More  definite  conclusions,  however,  may  be  drawn  by  also  determining  the  crude 
starch.  For  this  determination  15  grams  of  the  ground  drained  material  were  hydro- 
lyzed  by  hydrochloric  acid  according  to  the  official  method  and  all  copper-reducing 
substance  calculated  as  starch.  The  average  of  16  results  on  soaked  peas  gave  14.45 
per  cent,  the  highest  figure  being  18.19  per  cent  and  the  lowest  value  11.08  per  cent, 
while  the  average  starch  content  of  11  samples  of  matured  peas  canned  in  the  fresh  state 
was  10.87  per  cent.  Here  again  is  an  overlapping,  the  lowest  results  on  the  soaked 
peas,  11.08  per  cent,  being  below  the  highest  value  obtained  on  the  fresh  grade,  14.38 
per  cent.  This  last  sample,  however,  was  probably  misbranded,  as  will  appear  later. 
The  average  starch  content  on  soaked  peas,  as  far  as  determined,  is  approximately  4 
per  cent  higher  than  that  of  Early  Junes  and  those  of  similar  quality.  There  is  some 
difference,  furthermore,  in  the  specific  gravity  of  the  two  grades,  that  of  Early  Junes 
running  from  1.10  to  1.14,  whereas  the  values  obtained  for  soaked  peas  vary  from  1.12 
to  1.16.  Taking  all  these  figures  into  consideration,  it  seems  possible  by  the  determi- 
nation of  the  water,  starch,  and  specific  gravity  of  the  drained  substance  to  obtain 
values  which  will  supplement  the  conclusions  drawn  from  the  physical  appearance 
of  the  goods. 

The  table  gives  in  detail  the  results  obtained.  Samples  numbered  81  and  82  are 
interesting  in  furnishing  a  test  of  the  method  suggested.  These  samples  were  labeled 
Early  June  peas,  but  both  had  the  appearance  of  having  been  soaked.  These  were 
run  at  the  same  time  as  numbers  75  to  80,  inclusive,  and  it  will  be  seen  how  the  starch 
content  compares  with  the  other  samples  labeled  in  the  same  way.  By  these  values 
alone  and  the  appearance  of  the  goods  it  would  be  quite  safe  to  conclude  that  they 
had  been  soaked.  There  is  also  a  difference  in  the  specific  gravity,  which  is  some- 
what higher  than  in  the  other  samples.  This  conclusion  is  further  strengthened  by 
the  amount  of  water  which  is  less  than  in  the  other  samples. 

The  work  seems  to  justify  further  investigation  along  the  same  line  by  the  succeed- 
ing referee. 
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Examination  of  canned  peas  to  distinguish  soaked  goods. 

FRESH  PEAS. 


S3 

Grade  and  appearance. 

Liquor. 

Drained 

sub- 
stance. 

Specific 
gravity. 

Crude 
starch. 

Pro- 
tein. 

Water. 

1 

Large,  firm,  not  succulent 

Grams. 
194 
201 
193 
208 
196 
223 
187 
197 
222 
205 
190 
190 

190 
220 
238 
202 
216 

255 
245 
245 
220 
240 

215 
203 
227 
220 
219 
224 
209 
205 
197 
210 
238 
233 
215 
265 
218 
232 

Grams. 
398 
389 

Perct. 

Perct. 

Per  ct. 
78.61 

?, 

First  quality,  sifted 

82.68 

3 

Peas  quite  soft 

400 
387 
396 
360 
378 
390 
365 
360 
380 
380 

395 
'      383 
362 
400 
382 

81.87 

4 

Fairly  soft 

82  61 

5 

Soft,  sifted,  Telephone  peas 

82.94 

fi 

Mealy,  fancy,  sifted,  large  peas 

78.35 

7 

Fancy,  sifted,  sweet,  good 

86.84 

8 

do 

78.53 

q 

do 

78.87 

10 

Extra  fancy,  sweet,  good 

87.04 

n 

Extra  fancy,  good 

86.87 

1? 

Extra  fancy,  sweet,  good 

86.95 

13 

Surprise  peas: 

No.  1  small 

87.20 

14 

No.  2 

86.57 

15 

No.3 



86.57 

16 

No.  4 

82.52 

17 

No.  5 

81.91 

18 

Alaska  peas: 

No.  1 

332 
344 

357 
387 
357 

375 
387 
369 
369 
373 
364 
381 
380 
356 
359 
334 
353 
383 
305 
374 
372 

86.72 

IP 

No.2 

82.37 

20 

No.3 

78.23 

911 

No.  4 

76.34 

99 

No.5 

74.28 

?3 

Admiral  peas: 

No.  1 

86.80 

?4 

No.2 

84.59 

25 

No.3 

84.30 

26 

No.  4 

80.83 

97 

No.5 

78.50 

?8 

83.63 

?Q 

Good  quality;  a  few  old 

79.29 

30 

79.59 

31 

Large,  firm,  about  same  as  No.  30 

Tom  Thumb,  very  small,  excellent 

86.73 

3? 

85.99 

33 

85.99 

34 

85.91 

65 

1.12-1.16 
1. 10-1. 14 
1. 10-1. 14 
1.10-1.16 
1. 10-1. 14 
1.10-1.14 
1. 10-1. 16 

1.12-1.16 
1.08-1.16 

1.10-1.16 
1.08-1.14 

Below  1.10 
1.08-1.16 

Below  1. 10 
1.08-1.12 
1.08-1.14 

1.08-1.14 
1. 10-1. 14 

13.88 
12.13 
12.15 

70.79 

66 

74.55 

67 
68 

Telephone,  some  broken  and  soft 

74.62 
75.10 

69 

Early  June,  appear  soaked 

70 

71 

72 

Early    June,    poor    quality,    appear 

73 

74 

Early    June,    cloudy,     poor,     many 

75 
76 

77 
78 

Early  June,  firm,  large,  many  hard 

Early  June,  medium  size,  good  quality. 
Early  June,  medium  size,  fair  quality.. 
do.. 

232 
229 
250 
Lost. 
200 
189 

299 
252 

351 
366 
335 

Lost. 
378 
386 

277 
294 

10.55 
7.37 

12.00 
6.63 
9.34 
7.20 

14.38 
13.95 

Lost. 
82.30 
75.45 
84.04 

79 
80 
81 

Early  June,  large,  mealy,  many  hard. . 

Early    June,    large,    mealy,    appear 
soaked 

78.88 
77.89 

74.84 

8? 

Early  June,  appear  soaked 

73.21 
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Examination  of  canned  peas  to  distinguish  soaked  goads — Continued. 

SOAKED  PEAS. 


Grade  and  appearance. 


Liquor. 


Drained 

sub- 
stance. 


Specific 
gravity. 


Crude 
starch. 


Pro- 
tein. 


Water. 


Soaked, 

do.. 

do.. 


some  mushy 


....do. 

Liquor 
Soaked, 
Soaked. 
Soaked. 
Soaked. 
Soaked. 
Soaked. 
Soaked. 
Soaked. 
Soaked, 
Soaked. 
Soaked, 
Soaked, 
Soaked, 


very  cloudy,  soaked 

very  poor,  mushy 

liquor  very  cloudy 

sample  poor 

cloudy,  peas  fair 

cloudy,  broken,  and  soft. 

mushy 

many  broken 

very  mushy 

fairly  firm 

some  soft,  color  fair 

many  poor 

good*  some  black 

somewhat  mushv 


Grams. 
235 
255 
243 
294 
231 
215 
187 
211 
274 
222 
177 
152 
213 
175 
187 
267 
245 
253 
197 
250 
214 
304 


Grams. 
359 
335 
324 
274 
344 
353 
405 
380 
306 
280 
401 
418 


390 
300 
330 
341 
385 


323 

258 


1. 12-1. 18 
1. 12-1. 16 
1. 12-1. 16 


Per  ct. 
"14*05 


1.10-1.16 
1.10-1.16 
1. 12-1. 16 


13.70 


1.12-1.16 
1. 12-1. 16 
1.12-1.16 
1. 12-1. 16 
1. 12-1. 16 
1. 12-1. 16 
1. 12-1. 16 
1. 12-1. 16 


11.08 
18.19 
14.23 
12.83 
13.54 
14.47 
13.96 
14.79 
14.31 
14.77 
15.25 
16.04 
15.77 
14.34 


Per  ct. 


6.56 
6.13 
6.69 
6.44 
6.06 
7.31 
6.63 
6.19 


Per  ct. 
70.71 
73.43 
71.67 
74.36 
62.07 
74.92 
73.68 
70.91 
71.84 
73.84 
72.46 
74.66 
69.67 
71.97 
74.10 
71.15 
72.67 
73.05 
71.00 
71.70 
71.06 
73.62 


REPORT  ON   THE  SEPARATION  OF  MEAT  PROTEIDS. 
By  P.  F.  Trowbridge,  Associate  Referee. 

During  the  past  year  no  cooperative  work  has  been  asked  for  on  the  separation  of 
meat  proteids,  but  considerable  work  has  been  done  at  the  Missouri  experiment  sta- 
tion, in  connection  with  the  general  meat  investigations,  in  the  examination  of  cold 
water  extracts  of  meat  from  composite  samples  of  various  wholesale  cuts  of  steers  of 
different  ages  and  of  different  degrees  of  fatness. 

In  the  preparation  of  cold  water  extracts  the  general  plan  as  proposed  by  Grindley 
and  Emmett  a  was  followed  with  slight  modifications. 

With  lean  samples  exactly  100  grams  and  with  fat  samples  150  grams  were  taken; 
in  each  case  being  distributed  through  eighteen  beakers  in  about  equal  portions. 
The  sample  in  each  beaker  was  thoroughly  mixed  with  3  to  5  cc  of  cold  neutral  nitrogen- 
free  distilled  water  and  then  with  50  cc  of  the  same  water.  The  mixture  was  allowed 
to  stand  about  thirty  minutes,  with  frequent  agitation,  and  then  poured  through  pre- 
viously wetted  filters.  Each  time  the  residue  which  was  poured  on  the  filter  was 
returned  to  the  beaker.  To  the  residue  in  the  beaker  25  cc  of  water  were  added  and 
the  meat  residue  thoroughly  stirred  and  again  filtered.  This  washing  was  continued 
till  225  cc  of  water  were  used;  then  the  whole  residue  was  transferred  to  the  filter  and 
washed  twice  with  10  to  15  cc  of  water  each  time. 

The  filtrates  were  combined,  the  flasks  rinsed,  and  the  total  volume  made  up  to 
5,000  cc.  This  cold  water  extract  was  carefully  mixed  without  undue  agitation  and 
filtered  through  a  dry  filter  just  before  the  aliquot  portions  were  taken  for  analysis. 
(In  all  nitrations  the  funnel  was  made  to  touch  the  sides  of  the  flask  or  beaker,  so  as  to 
limit  the  amount  of  spontaneous  coagulation.) 

Triplicate  samples  were  taken  for  analysis  as  follows: 

a,  b,  c. — 100  cc  for  total  soluble  nitrogen  representing  2  grams  of  lean  and  3  grams 
of  fat  sample. 

d,  e,  f. — 100  cc  for  total  solids  and  ash  representing  2  grams  of  lean  and  3  grams  of 
fat  sample.     *    *    * 

m,  n,  o. — 200  cc  for  coagulable  nitrogen  representing  4  grams  of  lean  and  6  grams  of 
fat  sample. 


a  J.  Amer.  Chem.  Soc,  1905,  21:  661. 
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p,  q,  r. — 200  cc  for  total  albumose  nitrogen;  filtrate  from  ra,  n,  o,  representing  4 
grams  lean  and  6  grams  of  fat  sample. 

s,  t,  u. — 200  cc  for  total  amido  acid  nitrogen  representing  4  grams  of  lean  and  6  grams 
of  fat  sample. 

Samples  a,  b,  c  were  transferred  to  500  cc  nitrogen  flasks  for  the  direct  determination 
of  nitrogen  by  the  Kjeldahl-Gunning  method. 

Samples  d,  e,  f  were  evaporated  to  dryness  on  the  water  bath,  then  dried  to  constant 
weight  in  air  bath  at  103°,  and  finally  ashed  at  a  dull  red  heat. 

Samples  m,  n,  o  were  treated  with  a  slight  excess  of  moist  magnesium  carbonate^ 
evaporated  to  about  30  cc,  filtered  and  washed  with  hot  water  to  which  a  little  moist 
magnesium  carbonate  had  been  added.  The  precipitate  and  filter  were  transferred 
to  500  cc  nitrogen  flasks  and  the  coagulum  adhering  to  the  sides  of  the  beakers  was 
removed  with  hot  sulphuric  acid  and  transferred  to  the  corresponding  flask.  The 
nitrogen  was  determined  in  the  usual  manner. 

The  filtrates  from  m,  n,  o,  (p,  q,  r)  were  concentrated  to  about  10  cc  in  small  beakers 
and  acidified  with  1  cc  of  50  per  cent  sulphuric  acid,  diluted  to  30  cc  and  to  each  50 
grams  of  pure  crystallized  zinc  sulphate  were  added.  The  mixture  was  then  heated 
upon  the  water  bath  until  the  complete  solution  of  the  zinc  sulphate  took  place.  If  too 
much  zinc  sulphate  crystallized  out  upon  cooling  a  little  water  was  added,  care  being 
taken  to  have  only  a  slight  excess  above  saturation.  The  contents  of  the  beakers  were 
filtered  through  filters  previously  wet  with  a  saturated  solution  of  zinc  sulphate 
slightly  acidified  with  sulphuric  acid.  After  the  filtrate  had  completely  drained 
through,  the  beaker  and  filter  were  washed  three  times  with  the  saturated  zinc  sulphate 
solution,  allowing  the  washing  to  drain  completely  before  adding  the  next  washing. 
The  filter  and  precipitate  were  transferred  to  nitrogen  flasks  and  each  beaker  washed 
with  water  and  sulphuric  acid,  the  washings  being  rinsed  into  the  corresponding  flask. 
If  care  has  been  used  in  avoiding  an  excess  of  zinc  sulphate  crystals  there  will  be  no 
trouble  with  bumping  during  the  digestion  for  the  determination  of  the  albumose 
nitrogen. 

Samples  s,  t,  u  were  treated  as  for  coagulable  nitrogen.  The  filtrates  from  the  coag- 
ulum, not  to  exceed  30  cc,  were  rinsed  into  100  cc  graduated  flasks,  15  grams  of  sodium 
chlorid  were  added  and  dissolved  by  warming  gently.  The  flasks  were  placed  in  the 
ice  box  until  cooled  to  15°  C.  A  24  per  cent  solution  of  tannic  acid  was  made  up,  fil- 
tered, and  cooled  in  the  ice  box.  When  both  solutions  were  cooled,  30  cc  of  the  tannic 
acid  solution  were  added  to  each  100  cc  flask,  which  was  then  filled  to  the  mark  with 
cold  water;  the  contents  of  the  flask  were  thoroughly  mixed  and  allowed  to  remain 
in  the  ice  box  over  night.  The  following  morning  they  were  filtered  rapidly  and  50  cc 
of  the  filtrate  transferred  to  nitrogen  flasks  for  the  determination  of  the  amido  acid 
nitrogen.  With  all  of  the  determinations  blanks  were  made  to  correct  for  the  nitrogen 
in  the  reagents.  From  these  data  the  nitrogen  present  as  peptone  nitrogen  was  cal- 
culated. 

The  main  purpose  in  the  examination  of  the  water  extracts  of  the  fresh  meats  has 
been  to  see  if  age  of  animal  or  condition  of  fatness  has  any  influence  upon  the  amount 
of  water-soluble  material,  or  upon  its  composition,  also  to  what  extent  there  is  a  varia- 
tion in  different  parts  of  the  animal.  To  this  end  the  samples  have  been  handled  as 
nearly  as  possible  in  the  same  manner  and  with  the  same  treatment  after  slaughtering. 
So  far  eight  animals  have  been  slaughtered  and  analyzed,  but  the  data  are  still  insuffi- 
cient to  admit  of  any  general  conclusions,  and  the  present  paper  is  to  be  regarded  only 
as  a  report  of  progress.  A  tabulation  of  a  few  of  the  results  is  appended,  selecting  those 
for  the  round  and  rump,  the  rib  and  loin  cuts  of  the  first  four  animals  slaughtered. 

a  Prepared  by  precipitating  magnesium  chlorid  with  sodium  carbonate,  heating, 
filtering,  and  washing  until  no  chlorids  remained  in  the  filtrate. 
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Distribution  of  nitrogen  in  cold-water  extracts  of  wholesale  cuts,  free  from  bone,  from  four 

different  steers. 


Sample 


Total 
solids. 


Total 
nitrogen. 


Coagu- 

lable 

nitrogen. 


Albu- 

mose 

nitrogen. 


Peptone 
nitrogen. 


Amido- 

acid 
nitrogen. 


Steer  No.  18:« 

Round  and  rump 

Rib 

Loin 

Steer  No.  121:6 

Round  and  rump 

Rib 

Loin 

Steer  No.  505:  c 

Round  and  rump 

Rib 

Loin 

Steer  No.  503:d 

Round  and  rump 

Rib 

Loin 


Per  cent. 
4.979 
4.627 

4.778 

4.583 
3.490 
3.531 

5.116 
4.117 
4.593 

5.389 

4.629 
4.348 


Per  cent. 

0.574 

.540 

.550 

.528 
.413 
.409 

.587 
.470 
.534 

.627 
.530 
.501 


Per  cent. 

0.287 

.271 

.263 

.253 
.192 
.195 

.273 
.199 
.235 

.294 
.254 
.234 


Per  cent. 

0.037 

.039 

.052 

c.142 
.010 
.042 

.035 
.029 
.041 

.071 
.033 
.071 


Per  cent. 

0.040 

.053 

.064 

None. 
.053 
.010 

.007 
.021 
.029 


034 
015 


Per  cent. 

0.210 

.177 

.171 

.202 
.158 
.162 

.272 
.221 
.229 

.226 
.209 
.181 


a  Grade  Shorthorn  steer,  3  years  old  and  extremely  thin. 

b  Grade  Shorthorn  steer,  3  years  old  and  moderately  fat. 

c  Grade  Hereford  steer,  1  year  old  and  moderately  fat. 

d  Grade  Hereford  steer,  1  year  old  and  in  fair  condition  as  a  stocker,  much  better  condition  than  No.  18. 

cThe  albumose  precipitate  was  washed  only  once;  results  too  high. 

Distribution  of  nitrogen  in  cold-water  extracts  of  the  lean  of  wholesale  cuts  (bone  and  fat 
hand  separated)  from  three  steer s.a 


Total 
solids. 

Total 
nitrogen. 

Coagu- 

lable 

nitrogen. 

Albu- 
mose 
nitrogen. 

Peptone 
nitrogen. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

5.736 

0.671 

0.320 

b  0. 173 

None. 

4.548 

.550 

.251 

.013 

0.073 

5.398 

.647 

.306 

.040 

.041 

6.153 

.710 

.332 

.039 

.009 

4.939 

.565 

.240 

.032 

.025 

6.169 

.719 

.315 

.054 

.038 

5.980 

.699 

.330 

.074 

.040 

4.930 

.567 

.276 

.028 

.037 

5.510 

.643 

.301 

.083 

.023 

Amido- 

acid 
nitrogen. 


Steer  No.  121: 

Round  and  rump . 

Rib. 

Loin 

Steer  No.  505: 

Round  and  rump. 

Rib , 

Loin 

Steer  No.  503: 

Round  and  rump . 

Rib 

Loin 


Per  cent. 

0.258 

.213 

.260 

.330 
.268 
.312 

.255 
.226 
.236 


a  Steer  No.  18  excluded  as  it  was  the  first  one  slaughtered,  and  the  hand-separated  fat  was  weighed 
separately  but  was  ground  with  the  lean  for  analysis. 
b  Albumose  precipitate  washed  but  once. 

Distribution  of  nitrogen  in  cold-water  extracts  of  wholesale  cuts,  free  from  bone  and  fat, a  of 

four  different  steers. 


Sample. 

Total 
solids. 

Total 
nitrogen. 

Coagu- 

lable 

nitrogen. 

Albu- 
mose 
nitrogen  . 

Peptone 
nitrogen. 

Amido- 

acid 
nitrogen. 

Steer  No.  18: 

Round  and  rump 

Per  cent. 
5.740 
5.645 
6.103 

6.072 
5.612 
5.913 

6.631 
6.030 
6.705 

6.167 
5.453 
5.903 

Per  cent. 

0.662 

.659 

.703 

.700 
.664 
.685 

.761 
.688 
.779 

.717 
.624 
.680 

Per  cent. 

0.331 

.331 

.336 

.335 
.309 
.327 

.354 
.291 
.343 

.336 
.299 
.318 

Per  cent. 

0.043 

.048 

.066 

6.188 
.016 
.070 

.045 
.042 
.059 

.081 
.039 
.096 

Per  cent. 

0.046 

.064 

.083 

None. 
.085 
.017 

.009 
.032 
.043 

.041 
.040 
.020 

Per  cent. 
0.242 

Rib 

.216 

Loin 

.218 

Steer  No.  121: 

Round  and  rump 

.268 

Rib 

.254 

Loin 

.271 

Steer  No.  505: 

Round  and  rump 

.353 

Rib 

.323 

Loin 

.334 

Steer  No.  503: 

Round  and  rump 

.259 

Rib 

.246 

Loin 

.246 

a  The  weight  of  the  actual  amount  of  fat  (ether-soluble)  is  deducted  from  the  weight  of  the  cut. 
reduces  all  cuts  to  a  fat-free  basis. 
b  Albumose  precipitate  washed  but  once. 


This 
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In  the  first  table  it  will  be  noticed  that  if  the  data  concerning  the  albumoses  and 
peptones  are  omitted,  the  round  and  rump  cuts  in  every  case  give  higher  figures  than 
the  other  two  cuts.  When  the  hand-separated  fat  is  eliminated  we  find  less  variation; 
the  round  and  rump  cut  gives  higher  results  than  the  rib  but  is  equaled  or  slightly 
surpassed  in  a  few  cases  by  the  loin.  When  the  fat  is  entirely  eliminated,  as  shown 
in  the  third  table,  the  difference  is  still  less.  However,  in  only  one  case  does  the  rib 
cut  (steer  18,  coagulable  nitrogen)  give  as  high  results  as  the  round  and  rump  cut; 
and  in  another  case  (steer  503,  amido-acid  nitrogen)  as  high  as  the  loin.  In  six  cases 
the  loin  cut  gives  higher  results  than  the  round  and  rump  cut.  In  general,  steer 
No.  505  gives  the  highest  results,  especially  in  the  case  of  the  amido-acid  nitrogen, 
there  being  only  one  exception,  namely,  the  coagulable  nitrogen  in  the  rib  cut  on  the 
fat-free  basis.  A  further  discussion  of  these  results  will  not  be  attempted  at  this 
time. 

For  the  purpose  of  making  an  extended  study  of  the  composition  of  beef  extract 
there  was  prepared  at  the  Missouri  station  (at  the  time  of  slaughtering)  a  cold-water 
extract  a  from  a  5-kilo  sample  of  the  round  of  each  animal.  The  filtered  extract  was 
coagulated  upon  the  water  bath,  filtered,  and  concentrated  with  one  or  two  nitrations 
as  the  concentration  proceeded.  The  extracts  have  been  finally  concentrated  to  a 
semisolid  mass,  in  which  condition  they  appear  to  remain  in  a  state  of  perfect  preser- 
vation. The  life  history  of  the  animals  from  which  these  extracts  have  been  pre- 
pared is  known  and  during  the  next  year  cooperation  in  the  examination  of  these 
extracts  will  be  requested,  to  determine  the  composition  of  pure  beef  extract  and  to 
learn  to  what  extent  variation  may  be  expected. 

The  president  announced  the  following  membership  for  Committee 
B  on  recommendation  of  referees:  Messrs.  B.  B.  Koss,  R.  W.  Thatcher, 
A.  S.  Mitchell,  Paul  Collins,  and  W.  D.  Bigelow. 

The  following  committee  was  appointed  to  wait  upon  the  Secretary 
of  Agriculture  and  the  Assistant  Secretary  and  invite  them  to  address 
the  convention:  Messrs.  M.  E.  Jaffa,  J.  M.  Bartlett,  and  W.  A.  Withers. 

On  motion  by  Doctor  Wiley,  the  vote  on  the  amendments  to  the 
constitution  was  made  special  order  for  12  o'clock,  or  following  the 
presidential  address,  on  Friday. 

REPORT  ON  PRESERVATIVES. 

By  W.  D.  Bigelow,  Referee. 

Salicylic  Acid. 

rapid  determination  of  salicylic  acid. 

The  methods  of  the  association  for  the  quantitative  determination  of  salicylic  acid 
are  long  and  tedious  because  of  repeated  extraction  with  immiscible  solvents.  An 
attempt  was  made  to  simplify  these  methods  by  extracting  a  certain  volume  of  the 
food,  or  an  aqueous  extract  thereof,  by  means  of  a  definite  volume  of  solvent,  evapo- 
rating to  dryness  an  aliquot  portion  of  the  solvent  used,  and  determining  the  salicylic 
acid  in  the  residue.  The  total  amount  can  then  be  calculated  by  a  factor  to  be  deter- 
mined by  experimental  work. 

It  is,  of  course,  necessary  that  the  solvent,  under  certain  conditions  to  be  adopted, 
should  extract  a  uniform  amount  of  salicylic  acid  uncontaminated  by  substances  that 

a  Trowbridge  and  Grindley,  J.  Amer.  Chem.  Soc,  1906,  28:  472. 
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would  interfere  with  the  reaction  by  which  the  salicylic  acid  should  finally  be  esti- 
mated in  the  residue.  Owing  to  its  rapidity  and  convenience,  the  ferric  chlorid 
reaction  has  usually  been  employed  for  determining  the  amount  of  salicylic  acid 
present.  It  is,  therefore,  important  that  the  solvent  employed  should  not  extract 
tannin  from  the  food. 

In  order  to  determine  what  solvents  should  be  most  advantageously  employed  as 
far  as  delicacy  of  reaction  and  freedom  from  tannin  or  other  interfering  bodies  is  con- 
cerned, Mr.  Charles  S.  Ash  extracted  50  cc  portions  of  claret  containing  salicylic  acid 
in  amounts  varying  from  0.025  mg  to  0.5  mg  and  treated  the  residue  obtained  by 
evaporation  of  the  solvent  with  ferric  chlorid  in  the  usual  manner.  The  results  are 
given  in  the  following  table : 

Comparative  efficiency  of  solvents  on  salicylic  acid  dissolved  in  50  cc  of  claret  (Ash). 


Milli- 
grams 

Ether 
and  pe- 
troleum 

ether. 

Di- 
chlor- 
acety- 
lene. 

Tri- 
chlor- 
acety- 
lene. 

Ether 

and 
hydro- 
gen per- 

oxid. 

Ether,  residue 
extracted  with — 

Petro- 
leum 
ether. 

Car- 
bon 
bisul- 
phid. 

Carbon 

tetra- 

chlorid. 

sali- 
cylic 
acid 
pres- 
ent. 

Ether. 

Chlo- 
ro- 
form. 

Car- 
bon 
tetra- 
chlo- 
rid. 

Petro- 
leum 
ether. 

Tolu- 
ene. 

0.500 

.250 
.100 

None. 
... 

Good. 

Good. 
Good. 

Faint 
trace. 
None.. 

Good.. 

Fair. . . 
Trace  . 
Trace? 

Good. . 

Good.. 
Trace  . 
None.. 

Good.. 

Faint  . 
Trace  . 
None.. 

Good. 

Good. 
Fair.. 

Good. . . . 
Faint 

Faint 

trace. 
None . . 

Good. 

Good. 

Trace 

(?) 

Good.. 

Good.. 
Good.. 
Good 

Good. 

Good. 
Good. 

.050 

Good. 

Good. 

.025 

Good. 

Trace  ?  Good 

trace. 

Mr.  Ash  found  that  the  first  five  solvents  given  in  the  table  extract  tannin  in  the 
order  in  which  they  are  mentioned — that  is,  ether  extracts  the  greatest  amount  and 
trichlor-acetylene  the  least.  The  last  three  solvents — carbon  bisulphid,  carbon 
tetrachlorid,  and  toluene — do  not  extract  tannin,  and  the  ferric  chlorid  reaction  in  the 
residue  obtained  by  them  from  wine  is  clear  and  characteristic  of  ferric  salicylate. 
It  will  be  noted  that  the  residue  from  the  ether  extraction  gave  no  reaction  whatever 
with  ferric  chlorid.  This  was  due  to  the  presence  of  tannin,  which  entirely  obscured 
the  reaction.  With  chloroform  much  better  results  were  obtained,  but  even  here  the 
reaction  was  partially  obscured  by  tannin,  which  was  also  true  of  the  residue  from 
dichlor-acetylene . 

The  data  given  in  the  column  headed  "Ether  and  hydrogen  peroxid  "  were  deter- 
mined by  oxidizing  with  ammonia  and  hydrogen  peroxid  the  residue  obtained  by  evap- 
orating the  ether  extract.  This  destroys  the  tannin  and  also  partially  converts  benzo- 
ates  and  saccharin  when  present  into  salicylic  acid.  The  salicylic  acid  was  then  again 
extracted  with  ether,  the  ether  extract  evaporated,  and  the  residue  tested  with  ferric 
chlorid.  As  previously  stated,  the  greatest  freedom  from  interfering  substances 
attended  the  use  of  carbon  tetrachlorid  and  toluene,  the  latter  appearing  to  extract 
slightly  more  salicylic  acid  than  the  former,  and  thus  affording  a  better  test  in  the 
presence  of  a  small  amount  of  that  substance.  Chloroform  was  also  very  satisfactory, 
being  inferior  to  carbon  tetrachlorid  and  toluene  in  respect  of  dissolving  interfering 
substances,  though  apparently  slightly  superior  in  the  amount  of  salicylic  acid 
extracted. 

73673— Bull.  122—09 5 


66 


Extraction  of  salicylic  acid  from  different  wines. 

[Salicylic  acid  found.] 

BY  MEANS  OF  CARBON  TETRACHLORID. 


Angelica. 

Sherry 

Port. 

Claret. 

Dry  "white  vvine. 

Salicylic 

acid 
added. 

& 

3  a 

03      ■ 

3 

2 
5  a 

03      • 

I 

03      • 

I 

03     ■ 

£5 

i 

t-  c3 

£ 

ftS 

£ 

£s 

* 

* 

£ 

>> 

>>^ 

!>> 

>»■** 

>> 

t>> 

>> 

t*.*3 

!>> 

(^ 

o 

w 

pq 

o 

pq 

pq 

o 

pq 

pq 

o 

pq 

pq 

o 

pq 

pq 

Mgs. 

Mgs. 

Mgs. 

Mgs. 

^^s. 

Mgs. 

Mgs. 

Mgs. 

Mgs. 

Mgs. 

J/<7S. 

J/^s. 

3/<7«. 

Mgs. 

Mgs. 

J^s. 

100 

63.2 

63.4 

60.8 

60.6 

61.6 

60.2 

60.0 

60.2 

60.0 

49.4 

49.6 

50.4 

51.0 

49.6 

49.2 

50 

30.6 

30.6 

30.6 

30.6 

31.6 

32.4 

29.8 

30.4 

30.8 

24.4 

24.8 

24.2 

24.6 
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BY  MEANS  OF  TOLUENE. 
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SHORT  METHOD   FOR  THE    QUANTITATIVE   DETERMINATION    OF   SALICYLIC  ACID. 

From  the  results  of  the  qualitative  test  made  by  Mr.  Ash  it  appeared,  that  it  would 
be  advantageous  to  confine  the  work  with  the  quantitative  method  to  carbon  tetra- 
chlorid  and  toluene.  Accordingly,  Mr.  Ash  applied  the  method  to  various  types  of 
wine  containing  known  amounts  of  salicylic  acid  varying  from  2.5  to  100  mg  per 
100  cc.  One  hundred  cubic  centimeters  of  the  wine  were  acidified  with  5  cc  of  sul- 
phuric acid  (1  to  3)  and  50  cc  of  the  solvent  were  added,  gently  but  thoroughly  mixed, 
and  the  solvent  separated  after  centrifuging;  25  cc  of  the  solvent  were  transferred 
to  a  weighed  watch  glass  by  means  of  a  pipette.  With  toluene  the  best  results  were  . 
obtained  using  a  watch  glass  4.5  inches  in  diameter  and  with  carbon  tetrachlorid 
one  4  inches  in  diameter. 

The  solvent  was  allowed  to  evaporate  spontaneously  and  the  amount  of  residue 
determined  by  weighing.  The  residue  was  then  dissolved  in  5  cc  of  neutral  alcohol 
and  transferred  into  a  small  casserole,  the  watch  glass  being  washed  thoroughly  with 
neutral  boiling  water  and  the  salicylic  acid  titrated  with  one-hundredth  normal  barium 
hydroxid,  1  cc  of  the  reagent  being  equal  to  1.38  mg  of  salicylic  acid. 

An  aliquot  part  of  the  solvent  was  allowed  to  evaporate  spontaneously,  the  residue 
dissolved  in  2  or  3  cc  of  alcohol  and  diluted  with  water  sufficiently  for  the  colorimetric 
determination  with  ferric  chlorid.  When  the  amount  of  salicylic  acid  present  in  the 
original  sample  was  not  less  than  25  mgper  100  cc,  the  results  obtained  by  weighing  and 
titration  were  far  superior  to  those  obtained  by  the  colorimetric  method,  but  with 
smaller  amounts  the  last  method  was  the  only  one  applicable.  No  tannin  was  found 
in  any  of  the  residues  and  the  ferric  chlorid  reactions  were  clear  and  entirely  charac- 
teristic of  pure  salicylic  acid. 

In  the  gravimetric  and  volumetric  determination  small  amounts  of  soluble  sub- 
stances were  extracted  by  the  solvent.  The  weight  of  the  residue  from  25  cc  of  the 
solvent  used  in  extracting  normal  wine  varied  from  2  to  3  mg  and  its  acidity  was  equal 
to  about  0.5  cc  of  one-hundredth  normal  barium  hydroxid.  The  results  obtained 
by  Mr.  Ash  on  different  types  of  wine  are  given  in  the  table.  In  each  case  these 
results  are  the  average  of  three  closely  agreeing  determinations. 
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It  will  be  noted  that  the  results  obtained  by  Mr.  Ash  with  each  solvent  and  with 
each  type  of  wine  are  entirely  consistent,  and  the  results  obtained  by  weighing  and 
by  titrating  the  residue  agree  closely  with  each  other.  For  instance,  by  means  of 
carbon  tetrachlorid  approximately  50  per  cent  of  the  salicylic  acid  present  is  extracted 
from  dry,  red,  and  white  wines.  The  same  reagent,  however,  extracted  slightly 
more  than  60  per  cent  of  the  salicylic  acid  present  in  the  sherry,  port,  and  angelica. 
Toluene,  on  the  other  hand,  was  found  to  extract  about  70  per  cent  of  the  salicylic 
acid  present  in  dry,  white,  and  red  wine  and  about  80  per  cent  of  that  present  in  sherry, 
port,  and  angelica.  It  would  appear  that  this  method  might  be  used  advantageously 
at  least  for  a  preliminary  determination  of  the  amount  of  salicylic  acid  present. 

The  method  was  further  examined  by  the  referee  and  by  P.  B.  Dunbar  with  a 
view  to  determining  the  reason  for  the  varying  results  obtained  with  the  different 
types  of  wine  and  so  modifying  the  method  that  uniform  results  with  all  substances 
might  be  obtained.  This  investigation  was  confined  entirely  to  carbon  tetrachlorid 
because  of  the  noninflammability  of  that  substance.  Known  amounts  of  salicylic 
acid  were  dissolved  in  dilute  alcohol,  varying  in  concentration  from  5  to  50  per  cent 
by  volume.  One  hundred  cubic  centimeters  of  these  dilute  solutions  of  alcohol, 
containing  1  mg  of  salicylic  acid  per  cubic  centimeter,  were  shaken  in  a  separatory 
funnel  with  50  cc  of  carbon  tetrachlorid  and  the  amount  of  salicylic  acid  determined 
in  25  cc  of  the  solvent.  The  figure  so  obtained  was  multiplied  by  two  for  the  purpose 
of  determining  the  percentage  of  the  salicylic  acid  extracted  in  the  total  amount 
of  solvent  employed.     The  following  results  were  obtained: 


Alcohol 

by 
volume. 

Salicylic 

acid 
recovered. 

Alcohol 

by 
volume. 

Salicylic 

acid 
recovered. 

Per  cent. 

5 

10 

15 

20 

Per  cent. 
44.0 
50.0 
60.0 
61.8 

Per  cent. 

25 

30 

Per  cent. 
64.0 
64.5 
58.6 
48.0 

40 

50 

It  will  be  noted  that  the  percentage  of  salicylic  acid  recovered  under  these  condi- 
tions increases  with  the  alcoholic  content  of  the  solution  up  to  25  per  cent  and  then 
decreases,  the  maximum  results  being  obtained  with  from  25  to  30  per  cent  of  alcohol. 
California  red  wines,  dry  and  sweet,  were  then  treated  in  the  same  manner.  Their 
alcoholic  content  was  increased  to  25  per  cent  and  salicylic  acid  was  dissolved  in 
them  to  the  extent  of  1  mg  per  cubic  centimeter.  Several  determinations  of  salicylic 
acid  were  then  made  by  the  method  described  and  in  each  instance  61.2  per  cent 
of  the  amount  of  salicylic  acid  added  was  recovered.  The  method  was  also  applied 
to  100  cc  of  a  solution  containing  10  grams  of  sugar  and  25  per  cent  of  alcohol  by  vol- 
ume. The  amount  of  salicylic  acid  recovered  from  this  solution  was  practically 
identical  with  that  recovered  from  a  25  per  cent  solution  of  alcohol.  Blanks  were 
also  run  by  extracting  with  carbon  tetrachlorid  20,  30,  40,-  and  50  per  cent  alcohol 
acidified  with  5  cc  of  sulphuric  acid  (1  to  3).  It  was  found  that  no  sulphuric  acid 
was  extracted  and  it  was  therefore  unnecessary  to  wash  the  carbon  tetrachlorid  solu- 
tion with  water  after  extraction. 

DETERMINATION      OP     SALICYLIC     ACID     IN      DARK      BEER     AND      OTHER     CARAMELIZED 

SUBSTANCES. 

Attention  has  frequently  been  called  to  the  possibility  of  error  in  the  determina- 
tion of  salicylic  acid  in  malt  extract  and  beer  prepared  from  highly  colored  malt  and 
in  highly  caramelized  substances,  such  as  certain  varieties  of  breakfast  food. a    This 
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matter  was  independently  studied  by  A.  M.  Doyle  and  P.  B.  Dunbar,  of  the  Bureau 
of  Chemistry.  Both  reported  that  the  color  given  by  ferric  chlorid  with  the  material 
extracted  from  highly  colored  malt  by  ether  was  quite  different  from  the  salicylic 
acid  and  one  should  not  be  mistaken  for  the  other,  although  the  presence  of  a  small 
amount  of  salicylic  acid  may  readily  be  masked  by  the  material  extracted  from  highly 
colored  malt  and  similar  material. 

Experiments  on  malt-nutrine  alone  and  on  malt-nutrine  containing  salicylic  acid 
(100  mg  per  liter)  indicate  that  there  is  some  possibility  of  being  deceived  by  the 
color  when  ferric  chlorid  is  added  directly  to  the  dish  containing  the  dried  residue 
obtained  by  evaporating  the  ether  solution.  In  this  case  a  color  is  sometimes  devel- 
oped which  slightly  resembles  the  salicylic  acid  reaction.  If  this  color  is  examined 
in  a  good  light  and  compared  with  the  color  developed  by  salicylic  acid  and  ferric 
chlorid  there  is  little  danger  of  being  deceived.  It  is  better,  however,  to  carry  the 
evaporation  of  the  extract  to  about  5  cc  on  the  steam  bath  and  then  to  complete  the 
evaporation  by  means  of  a  blast  of  air,  since  heating  to  dryness  may  darken  the  residue. 
The  dry  residue  should  be  dissolved  in  a  little  hot  water  and  ferric  chlorid  added  to 
this  solution.  Under  these  conditions  it  seems  impossible  to  mistake  the  salicylic 
acid  reaction.  Millon's  reagent,  freshly  prepared,  which  has  been  suggested  for  the 
detection  of  salicylic  acid  in  such  substances,  was  not  found  by  either  Miss  Doyle 
or  Mr.  Dunbar  to  be  as  satisfactory  as  ferric  chlorid.  In  the  absence  of  salicylic  acid 
this  reagent  gives  a  light  pink  color,  whereas  in  its  presence  a  deep  red  is  given.  The 
intensity  of  the  color  seems  to  vary  so  much  with  the  time  of  boiling,  however,  as  to 
render  the  reaction  uncertain  and  unsatisfactory.  Both  methods  were  also  applied  to 
highly  caramelized  breakfast  foods,  to  which  these  observations  also  apply. 

Determination  op  Benzoic  Acid. 

Several  methods  for  the  quantitative  determination  of  benzoic  acid  have  been  sug- 
gested recently.  Among  these  the  following  have  been  studied  by  the  referee  and  his 
collaborators:  (1)  La  Wall's  method;  (2)  La  Wall's  method  modified  by  mixing  a 
definite  weight  of  tomato  ketchup  with  sufficient  saturated  sodium  chlorid  solution  to 
make  a  definite  volume,  filtering,  and  extracting  an  aliquot  portion  of  the  filtrate  with 
chloroform;  (3)  precipitation  as  copper  benzoate;  (4)  precipitation  as  silver  benzoate; 
(5)  distillation  with  steam  after  decomposing  organic  matter  with  sulphuric  acid  and 
extracting  with  ether.  It  will  be  noted  that  the  first  four  methods  depend  on  extract- 
ing the  benzoic  acid  from  the  food  or  an  aliquot  extract  of  the  food  by  means  of  an  im- 
miscible solvent,  whereas  the  fifth  depends  on  separating  the  preservative  from  the 
food  by  distilling  with  steam. 

Before  applying  the  first  four  methods  a  preliminary  study  was  made  of  the  relative 
advantages  of  several  solvents.  This  question  has  been  greatly  altered  by  the  intro- 
duction of  the  principle  of  "salting  out"  the  benzoic  acid  by  means  of  a  saturated 
solution  of  sodium  chlorid.  The  benzoic  acid  is  thus  rendered  much  less  soluble  in  the 
solution  from  which  it  is  extracted  and  consequently  much  more  readily  extracted  by 
the  immiscible  solvent.  The  relation  of  the  immiscible  solvent  to  the  preservative 
thus  more  nearly  coincides  with  the  direct  solubility  of  the  former  in  the  latter.  An 
approximate  determination  was  therefore  made  of  benzoic  acid  in  several  solvents. 
It  was  found  that  the  solvents  more  commonly  employed  dissolved  benzoic  acid  as 
follows,  100  cc  of  the  solvent  being  used  in  each  case:  Ether,  25.70  grams;  chloroform, 
17.34  grams;  carbon  tetrachlorid,  7.65  grams;  toluene,  7.58  grams;  benzol,  6.40  grams. 

The  chief  desiderata  in  the  extraction  of  a  substance  of  this  kind  are,  first,  com- 
pleteness of  extraction;  second,  freedom  of  the  extract  from  interfering  substances; 
and  third,  noninflammability.  Of  the  four  solvents  mentioned,  it  would  appear  from 
the  solubility  that  by  far  the  most  complete  extraction  can  be  obtained  by  means  of 
ci her,  and  this  is  known  to  be  true.  Ether  is  objectionable,  however,  because  of  its 
property  of  dissolving  water  and  its  consequent  tendency  to  extract  tannin,  salts,  min- 
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eral  acids,  and  other  interfering  substances.  The  use  of  ether  is  also  a  source  of  danger 
because  of  its  great  inflammability. 

Chloroform  has  always  been  found  inapplicable  to  the  extraction  of  benzoic  acid 
because  of  the  incompleteness  of  the  extraction  so  effected.  Of  the  solvents  studied, 
however,  it  stands  second  to  ether  in  its  power  of  dissolving  benzoic  acid.  A  study 
was  therefore  made  of  the  efficiency  of  chloroform  in  extracting  benzoic  acid  in  a  sat- 
urated sodium  chlorid  solution,  and  the  extraction  was  found  to  be  practically  com- 
plete. 

In  order  to  determine  the  efficiency  of  chloroform  with  respect  to  the  extraction  of 
interfering  substances,  500  cc  of  saturated  sodium  chlorid  solution  were  acidified  with 
5  cc  of  sulphuric  acid  (1  to  5),  and  extracted  with  four  portions  of  chloroform  con- 
taining 100,  50,  50,  and  25  cc,  respectively.  Each  portion  of  chloroform  was  removed 
as  completely  as  possible  from  the  solution,  the  four  portions  mixed  and  distilled  on  a 
hot  plate  to  a  low  volume,  the  last  being  removed  at  ordinary  temperature  in  a  current 
of  dry  air.  The  residue  left  by  evaporating  the  chloroform  was  not  weighable.  It 
was  dissolved  in  water  and  titrated  with  tenth-normal  alkali.  Duplicate  determina- 
tions required  0.03  and  0.04  cc  of  tenth-normal  alkali  for  neutralization,  thus  indi- 
cating that  the  error,  owing  to  the  extraction  of  mineral  acids  under  the  conditions 
noted,  is  not  greater  than  0.6  mg  of  sodium  benzoate. 

One-half  gram  of  tannin  was  then  dissolved  in  500  cc  of  saturated  salt  solution  and 
extracted  with  chloroform  as  just  described.  The  residue  left  by  evaporating  the 
chloroform  was  not  weighable,  but  required  in  the  duplicate  determinations  0.02  and 
0.04  cc  of  tenth-normal  alkali  for  neutralization,  which  is  equivalent  to  0.5  mg  of 
sodium  benzoate.  One-half  gram  of  tannin  and  5  cc  of  sulphuric  acid  (1  to  5)  were 
then  added  to  500  cc  of  saturated  sodium  chlorid  solution  and  extracted  with  chloro- 
form as  described.  The  residue  obtained  by  extracting  with  chloroform  was  not 
weighable,  duplicate  determinations  requiring  0.05  and  0.07  cc  of  alkali,  respectively, 
for  their  neutralization,  equivalent  to  0.9  mg  of  sodium  benzoate. 

The  presence  of  acetic  acid  in  the  ketchups  did  not  appear  to  cause  any  inaccuracy. 
In  order  to  determine  whether  a  large  amount  of  acetic  acid  would  lead  to  erroneous 
results,  1  cc  of  99.5  per  cent  acetic  acid  was  dissolved  in  200  cc  of  chloroform  and 
various  portions  dried,  as  in  the  case  of  the  chloroform  extract  from  the  samples  of  ketch- 
up, and  the  residues  titrated.  Ten  cubic  centimeters  of  the  chloroform  solution 
without  evaporation  require  9  cc  of  tenth-normal  alkali  to  neutralize  it,  equiva- 
lent to  0.052  gram  of  acetic  acid,  or  to  0.141  gram  of  sodium  benzoate.  Ten  cubic 
centimeter  portions  of  the  solution  were  evaporated  before  an  air  blast  until  no  liquid 
was  visible,  and  10  cc  of  water  were  added  to  the  dish  and  titrated.  An  alkaline 
reaction  was  secured  on  the  addition  of  0.2  cc  of  one-hundredth-normal  alkali. 
When  50  cc  portions  were  evaporated  in  the  same  way  and  10  cc  of  neutral  water  added 
to  the  dish  0.2  cc  of  one-hundredth-normal  alkali  were  required  to  give  an  alkaline 
reaction  to  phenolphthalein.  When  10  cc  portions  were  evaporated  until  the  chloro- 
form had  apparently  disappeared  but  a  few  drops  of  liquid  remained.  The  odor  of 
acetic  acid  was  very  apparent  and  the  residue  required  0.2  cc  of  tenth-normal  alkali 
for  neutralization.  Ten  cubic  centimeter  portions  were  evaporated  until  the  chloro- 
form had  apparently  disappeared,  but  still  contained  a  slight  amount  of  liquid  with  a 
strong  odor  of  acetic  acid.  The  residue  was  placed  overnight  in  a  sulphuric  acid 
desiccator,  10  cc  of  water  were  added  to  the  dish  and  titrated  as  above,  requiring  0.1 
cc  of  one-hundredth-normal  alkali  to  give  an  alkaline  reaction.  It  is  apparent  that 
while  acetic  acid  will  be  extracted  by  the  chloroform,  no  error  is  occasioned  if  care 
be  taken  to  dry  the  residue  either  in  a  current  of  air  or  in  a  desiccator.  It  was  also 
found  that  no  appreciable  error  was  caused  by  the  presence  of  tartaric  or  citric  acid. 
Lactic  acid,  when  present,  was  extracted  to  a  considerable  extent  by  chloroform,  but 
after  being  evaporated  to  dryness  before  an  air-blast  the  error  amounted  to  only  0.02 
per  cent. 
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If  the  volume  of  salt  solution  taken  in  this  work  is  equivalent  to  100  grams  of  food 
extracted  as  in  the  case  of  the  subsequent  studies,  the  error  caused  by  the  extraction 
of  interfering  bodies  by  means  of  chloroform  is  less  than  0.001  per  cent,  and  is  negligi- 
ble. It  would  appear,  therefore,  that  chloroform  possesses  the  following  advantages: 
First,  after  saturating  a  solution  with  sodium  chlorid  a  practically  complete  extraction 
of  benzoic  acid  may  be  made;  second,  the  benzoic  acid  extracted  is  not  accompanied 
by  other  bodies  that  interfere  with  its  determination  by  means  of  titration;  third, 
the  solvent  is  not  combustible;  fourth,  it  is  inexpensive.  In  connection  with  subse- 
quent work  on  the  determination  of  benzoic  acid,  therefore,  no  study  was  made  of 
any  other  solvent  than  chloroform  except  as  described  under  Method  IV.  The  detail 
of  the  methods  studied  is  as  follows : 

LA  WALL  AND  BRADSHAW  METHOD  (METHOD  i). 

This  method  was  described  in  full  by  the  authors  in  the  American  Journal  of  Phar- 
macy (volume  80,  pages  171-172).  The  principle  depends  upon  the  method  outlined 
by  F.  X.  Moerk  in  an  article  published  in  the  Proceedings  of  the  Pennsylvania  Phar- 
maceutical Association  for  1905,  page  181.     The  details  of  the  method  are  as  follows: 

To  20  grams  of  the  substance  under  examination  add  2  grams  of  sodium  chlorid,  5  cc 
of  hydrochloric  acid,  and  25  cc  of  a  saturated  solution  of  sodium  chlorid.  Shake 
thoroughly  for  five  minutes,  transfer  to  a  moistened  filter,  and  wash  with  a  saturated  solu- 
tion of  sodium  chlorid  until  100  cc  of  the  filtrate  are  collected.  Transfer  the  filtrate 
to  a  separatory  funnel  and  shake  with  three  portions  of  chloroform,  using  25,  15,  and 
10  cc  respectively.  Evaporate  the  chloroform  at  room  temperature.  If  the  residue 
is  white  and  crystalline,  dry  over  sulphuric  acid  in  a  desiccator  and  weigh.  If  yel- 
lowish and  oily,  dissolve  in  10  or  15  cc  of  weak  ammonia  acidified  with  dilute  sul- 
phuric acid  and  again  extract  with  chloroform.  The  residue  is  dissolved  in  3  to  5  cc 
of  neutral  alcohol  and  titrated  with  twentieth-normal  alkali  solution,  using  phenol- 
phthalein  as  indicator.  The  titration  should  agree  closely  with  the  gravimetric  deter- 
mination, the  difference  being  rarely  more  than  1  or  2  mg. 

As  will  be  seen  by  a  comparison  of  the  figures  obtained  by  various  methods  given 
in  the  table  on  page  71,  the  results  by  weighing  the  benzoic  acid,  given  under  Method  I, 
are  much  higher  than  those  obtained  by  titration.  All  collaborators  report  difficulty 
in  securing  an  adequate  filtration.  F.  W.  Heyl  obtains  very  satisfactory  results  by 
titration,  whereas  the  figures  of  all  other  analysts  were  low.  In  the  Division  of  Foods 
the  method  was  applied  to  the  examination  of  a  considerable  number  of  commercial 
ketchups.  With  the  low-grade  product,  made  from  skin  and  core  pulp,  filtration  was 
possible  though  somewhat  slow.  With  many  of  the  high-grade  ketchups  the  material 
was  so  finely  divided  that  filtration  was  almost  impossible.  In  this  connection  should 
be  considered  the  limited  solubility  of  benzoic  acid  in  a  saturated  solution  of  sodium 
chlorid  to  be  mentioned  subsequently. 

MODIFICATION    OF   LA    WALL   AND    BRADSHAW   METHOD    (METHOD   n). 

This  method  is  identical  with  the  one  just  described,  except  that  no  attempt  is 
made  to  obtain  a  complete  filtration. 

To  200  grams  of  ketchup  are  added  20  grams  of  finely  powdered  sodium  chlorid  in 
a  liter  flask,  and  enough  of  a  saturated  solution  of  sodium  chlorid  is  added  to  make  a 
liter.  The  contents  of  the  flask  are  thoroughly  mixed  and  allowed  to  stand  overnight, 
when  they  are  filtered,  and  500  cc  of  the  filtrate  are  transferred  to  a  separatory  funnel, 
treated  with  5  cc  of  sulphuric  acid  (1  to  5)  and  extracted  repeatedly  with  chloroform, 
using  100,  50,  50,  and  25  cc  of  chloroform,  respectively. 

In  this  extraction  a  troublesome  emulsion  was  formed  which  it  was  found  could  be 
broken  up  to  a  considerable  extent  by  centrifuging  and  by  stirring  with  a  glass  rod. 
Where  a  centrifuge  is  not  available  much  may  be  accomplished  by  swinging  the  sep- 
aratory funnel  with  the  hand.  It  is  important  that  after  each  extraction  the  chloro- 
form be  removed  as  completely  at  possible,  and  at  the  same  time  the  utmost  care 
must  be  exercised  to  prevent  any  emulsion  passing  through  with  the  chloroform. 
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Owing  to  the  mineral  acid  present  in  the  aqueous  liquid,  the  presence  of  a  slight 
amount  of  this  emulsion  in  the  chloroform  layer  causes  serious  error  in  a  titration  of 
the  residue. 

The  results  obtained  by  this  method,  both  by  weighing  and  by  titrating  the  chloro- 
form residue,  are  given  in  the  table  below,  under  Method  II.  It  will  be  observed 
that  in  all  cases  the  results  obtained  by  weighing  are  obviously  too  high,  while  the 
results  obtained  by  titration  with  this  method  are  on  the  whole  very  satisfactory.  It 
would  appear  therefore  that  the  method  is  fairly  satisfactory  for  the  determination 
of  benzoic  acid  in  tomato  ketchup,  which  presumably  offers  as  great  difficulties  for 
this  determination  as  any  food  to  which  this  preservative  is  commonly  added. 

Determination  of  sodium  benzoate  in  ketchup  by  three  methods. 


Sodium 

benzoate 

added. 

Sodium  benzoate  found. 

Analyst. 

Method  I. 

Method  II. 

Precipi- 
tation 

By 

weight. 

Titrated. 

By 

weight. 

Titrated. 

silver 
nitrate.a 

W.  L.  Dubois 

Per  cent. 
0.247 
.146 
.168 
.168 
.168 
.168 
.168 
.168 
.030 
.060 
.060 
.060 
.060 
.247 
.247 
.247 
.247 
.168 
.168 
.168 
.168 
.033 
.033 
.164 
.164 
.164 
164 
.060 
.060 
.060 
.060 
.168 
.168 
.247 
.247 
.168 
.168 

Per  cent. 
0.171 
.130 
.185 
.185 
.190 
.183 
.169 
.178 

Per  cent. 
0.166 
.261 
.170 
.170 
.170 
.162 
.154 
.162 

Per  cent. 

0.232 

.223 

.169 

.163 

Per  cent. 

0.179 

=  172 

.157 

.155 

Per  cent. 
0.166 

Do 

.143 

F.  W.  Heyi 

Do 

Do 

Do... 

Do 

Do 

Do 

.029 

Do 

.056 

Do 

.056 

Do 

.056 

Do 

.059 

P.  B.  Dunbar 

.270 
.258 
.262 
.277 
.171 
.183 
.196 
.195 

.244 
.245 
.245 
.250 
.170 
.170 
.169 
.171 

.238 

Do 

.241 

Do 

.242 

Do...            

.250 

Do 

.204 

Do 

.168 

Do 

.172 

Do 

.180 

M.  C.  Albrech 

.035 

.036 

.024 
.030 

Do 

Do 

.183 
.199 
6.177 
&.162 
c.062 
c.062 
c.063 
c.063 

.133 

.149 

&.150 

6.150 

Do 

Do 

Do                 

Do 

.055 
.055 
.056 

Do 

Do 

H.  L.  Schulz 

.137 
.147 
.257 
.253 

.176 
.206 

.142 
.140 
.230 

.142 

Do 

F.F.Flanders 

.236 

Do 

.222 

Do                         

.148 

.139 

Do                 

a  Method  IV,  pages  74,  75. 

b  100  grams  ketchup  diluted  with  water  to  200  cc,  mixed,  and  filtered,  50  cc  portions  of  filtrate,  diluted  to 
100  cc,  saturated  with  sodium  chlorid,  acidified,  and  extracted  with  four  portions  of  100  cc  each  of  ether. 

c  Same  as  footnote  "a"  except  extraction  is  made  with  chloroform  instead  of  ether,  three  portions  being 
used  of  100,  50,  and  50  cc,  respectively. 

In  some  cases  where  the  mixture  of  tomato  ketchup  and  a  saturated  salt  solution 
was  filtered  soon  after  it  was  prepared,  the  amount  of  benzoic  acid  determined  by 
this  method  was  too  low.  This  suggests  the  possibility  that  the  solution  of  the  benzoic 
acid  in  the  saturated  salt  solution  may  not  have  been  complete.  More  satisfactory 
results  were  obtained  in  all  cases  where  the  mixture  was  allowed  to  stand  overnight 
before  filtering:. 
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An  approximate  determination  of  the  solubility  of  benzoic  acid  in  a  saturated  solu- 
tion of  sodium  chlorid  was  made  by  P.  B.  Dunbar.  In  duplicate  tests  0.260  and 
0.259  gram  of  benzoic  acid  were  dissolved  in  500  cc  of  saturated  solution  of  sodium 
chlorid.  In  another  duplicate  determination  0.274  and  0.277  gram  of  benzoic  acid 
were  found  to  be  soluble  in  500  grams  of  saturated  solution  of  sodium  chlorid  to  which 
5  grams  of  sulphuric  acid  (1  to  5)  had  been  added.  No  special  precautions  were  taken 
with  respect  to  the  temperature  of  solutions  or  the  purity  of  the  sodium  chlorid 
employed. 

It  is  apparent  therefore  that  a  larger  amount  of  benzoate  of  soda  than  0.27  gram 
can  probably  not  be  determined  by  this  method.  The  fact  that  a  slightly  higher 
amount  is  reported  in  some  determinations  may  probably  be  explained  by  slightly 
higher  temperature,  or  slightly  lower  concentration  of  the  sodium  chlorid  solution 
employed. 

It  is  obviously  important  that  the  method  be  so  modified  as  to  permit  the  deter- 
mination of  a  larger  amount  of  benzoate  of  soda.  Attempts  were  made  to  extract 
the  benzoic  acid  from  the  ketchup  by  means  of  water,  filtering,  and  saturating  an 
aliquot  part  of  the  nitrate  with  sodium  chlorid.  The  results  obtained  were  not  alto- 
gether satisfactory,  although  the  amount  of  work  done  was  not  sufficient  to  permit  of 
definite  conclusions.  It  is  probable  that  by  extracting  in  this  manner  or  with  a  satu- 
rated sodium  chlorid  solution,  previously  made  slightly  alkaline  with  sodium  hy- 
droxid,  the  method  can  be  so  modified  as  to  permit  of  its  application  to  samples 
carrying  a  much  higher  percentage  of  benzoate  of  soda,  and  at  the  same  time  it  will 
be  possible  to  extract  a  smaller  volume  of  the  salt  solution. 

PRECIPITATION    WITH   COPPER   BENZOATE    (METHOD   III). 

Mr.  C.  S.  Ash,  of  the  California  Wine  Association,  and  Mr.  F.  W.  Liepsner,  of  the 
Division  of  Foods  of  the  Bureau  of  Chemistry,  studied  the  determination  of  benzoic 
acid  by  means  of  precipitation  as  copper  benzoate  from  the  residue  left  by  the  evapo- 
ration of  the  solvent.  It  was  hoped  that  this  method  might  afford  a  means  for  deter- 
mining benzoic  acid  either  alone  or  in  the  presence  of  salicylic  acid,  but  preliminary 
work  showed  that  while  copper  acetate  is  a  satisfactory  precipitant  for  benzoic  acid 
when  present  alone,  no  precipitate  is  formed  in  the  presence  of  salicylic  acid  in  con- 
siderable quantity,  owing  probably  to  the  formation  of  a  soluble  double  salt. 

A  series  of  precipitations  of  benzoic  acid  were  made  in  alcoholic  solutions  of  various 
strengths  from  0  to  100  per  cent  and  the  curve  established,  giving  the  per  cent  of 
benzoic  acid  present  that  may  be  precipitated  as  copper  benzoate  in  various  strengths 
of  alcohol.     The  results  are  as  follows: 

Precipitation  of  benzoic  acid  with  varying  strengths  of  alcohol. 


Per  cent 

Per  cent 

Per  cent 

of  benzoic 

Per  cent 

of  benzoic 

of  alcohol. 

acid  pre- 

of alcohol. 

acid  pre- 

cipitated. 

cipitated. 

0 

83 

50 

70 

10 

84 

60 

65 

20 

88 

70 

58 

30 

86 

80 

48 

40 

75 

100 

0 

It  appears  that  the  amount  of  benzoic  acid  precipitated  is  somewhat  increased  by 
the  presence  of  alcohol  up  to  20  per  cent  of  the  latter.  The  increase  in  strength  of 
the  alcohol  beyond  this  point  decreases  the  amount  of  benzoic  acid  precipitated,  at 
first  slowly  and  then  rapidly,  the  copper  benzoate  being  completely  soluble  in  strong 
alcohol.  All  precipitations  were  therefore  made  in  a  solution  containing  20  per  cent 
of  alcohol  by  volume. 
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To  further  guard  against  error  due  to  the  solubility  of  the  precipitate,  the  alcoholic 
solution  from  which  the  precipitation  was  made  was  saturated  with  freshly  precipi- 
tated basic  copper  benzoate.  A  stock  solution  of  the  alcohol  so  saturated  was  made 
up  and  used  throughout  the  work.  It  was  found  that  the  results  obtained  by  precipi- 
tation in  neutral  solution  were  too  high  and  that  a  slight  acidity  in  the  solution  was 
necessary.  This  was  accomplished  by  adding  a  little  acetic  acid  to  the  copper  reagent. 
The  solutions  employed  and  the  method  of  determination  were  as  follows: 

Copper  acetate  reagent. — A  mixture  of  250  cc  of  95  per  cent  alcohol  and  750  cc  of 
water  is  saturated  with  copper  benzoate  and  2  cc  of  glacial  acetic  acid  added,  fol- 
lowed by  a  concentrated  solution  of  sodium  benzoate  in  20  per  cent  alcohol  to  form  a 
small  amount  of  permanent  precipitate.     This  solution  is  filtered  just  before  using. 

Alcohol  solution.- — A  mixture  of  1  part  of  95  per  cent  alcohol  and  3  parts  of  water  is 
saturated  with  basic  copper  benzoate,  prepared  by  precipitating  copper  acetate  solu- 
tion with  sodium  benzoate,  filtering,  and  washing.  An  excess  of  the  basic  copper 
benzoate  is  added  to  the  alcohol  in  order  that  additional  alcohol  may  be  added  from 
time  to  time. 

Determination. — The  residue  obtained  by  the  evaporation  of  the  chloroform  extract 
is  dissolved  in  a  small  amount  of  the  alcohol  saturated  with  copper  acetate  mentioned 
above  and  washed  into  a  small  beaker  with  the  same  solution,  25  cc  of  the  copper 
acetate  solution  is  added,  the  mixture  stirred,  allowed  to  stand  for  one  hour,  filtered 
on  a  gooch,  and  the  precipitate  washed  with  the  alcohol  solution  saturated  with  basic 
copper  benzoate.  The  solution  is  then  dried  and  weighed  as  usual.  If  preferred, 
the  residue  may  be  washed  into  a  100  cc  flask  with  the  alcohol  solution  described, 
the  copper  acetate  reagent  added,  and  the  mixture  .brought  up  to  mark  with  the 
alcohol  saturated  copper  benzoate.  The  whole  is  then  mixed  and,  after  standing  one 
hour,  filtered,  and  the  copper  determined  volumetrically  by  any  of  the  standard 
methods. 

The  following  table  shows  the  results  obtained,  working  on  a  known  amount  of  ben- 
zoic acid  in  aqueous  solution.  As  before  stated  above,  this  precipitate  consists  of 
basic  copper  benzoate,  represented  by  the  formula  C6H5COO— Cu— OH. 

Benzoic  acid  recovered  from  an  aqueous  solution  by  Method  III. 


Benzoic 
acid  pres- 
ent. 

Benzoic    acid    recov- 
ered by — 

Gravimet- 
ric method 
(as  copper 
benzoate). 

Titrating 
excess  of 
copper. 

Grams. 
0.04 
.04 
.05 
.05 
.08 
.08 
.10 
.10 
.14 
.14 
.20 
.20 

Per  cent. 
83.5 
84.5 
97.9 
100.0 
101.5 
100.5 
101.0 
102.8 
102.0 
102.5 
101.5 
101.8 

Per  cent. 
84.1 
75.4 
97.9 

97.9 

99.1 
104.2 
100.5 
100.5 
103.6 
105.1 

An  attempt  was  made  to  apply  this  method  to  the  determination  of  benzoic  acid 
in  ketchup.     A  number  of  samples  were  treated  as  follows: 

Three  hundred  grams  were  made  up  to  1,500  cc  with  saturated  salt  solution,  allowed 
to  stand  overnight,  and  filtered;  500  cc  of  the  filtrate  were  acidified  with  sulphuric 
acid  and  extracted  with  3  portions  of  chloroform  of  100,  50,  and  50  cc.  The  extract 
was  evaporated  in  a  current  of  air,  dried  over  sulphuric  acid,  the  residue  weighed, 
taken  up  in  neutral  alcohol,  and  titrated  with  tenth-normal  sodium  hydrate.  The 
solution  was  then  evaporated  to  dryness  and  benzoic  acid  determined  gravimetric- 
ally,  as  described  above,  by  use  of  the  copper  precipitation  method. 
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The  results  obtained  by  this  method  are  as  follows: 

Determination  of  known  amounts  of  benzoic  acid  in  ketchups  by  Method  III. 


Sodium 

Sodium 
benzoate 

Sodium  benzoate 

benzoate 

found  by  copper 

present. 

titration. 

precipitation. 

Gram. 

Grain . 

Gram. 

0.258 

0.229 

0.116 

.359 

.322 

.167 

.127 

.101 

No  precipitate. 

.431 

.392 

.183 

.198 

.149 

No  precipitate. 

.387 

.328 

.174 

.107 

.079 

No  precipitate. 

.352 

.314 

.222 

.332 

.288 

.167 

.251 

.230 

.138 

.210 

.193 

.126 

.103 

.082 

No  precipitate. 

.355 

.303 

.150 

.307 

.286 

.152 

.324 

.277 

.142 

.146 

.119 

No  precipitate. 

1 

An  examination  of  this  table  shows  that  when  there  was  present  less  than  0.15 
gram  of  sodium  benzoate  no  precipitate  was  formed,  and  in  such  cases  as  did  give 
a  precipitate  all  results  were  from  0.1  to  0.15  gram  low.  This  seemed  to  indicate 
that  there  was  something  in  the  ketchup  extract  which  held  back  the  precipitation 
and  showed  conclusively  that  the  method  could  not  be  used  for  such  materials  in 
combination  with  present  extraction  methods. 

It  appeared  probable  that  since  the  completeness  of  precipitation  varied  with 
the  alcoholic  strength  it  might  be  interfered  with  by  sugars,  higher  alcohols,  oils 
from  spices,  etc.,  and  the  following  experiments  were  performed.  The  alcoholic 
extract  from  1  gram  of  spice  was  added  to  solutions  containing  0.1  gram  of  sodium 
benzoate  and  to  blanks.  Also  0.1  gram  of  sugar,  glycerin,  and  dextrin  were  added 
to  similar  solutions  with  the  following  results: 

Determination  of  sodium  benzoate  in  the  presence  of  spices,  sugars,  etc.,  by  Method  III. 


Substance  added. 

Sodium 
benzoate 
present. 

Sodium 
benzoate 

found. 

Substance  added. 

Sodium 
benzoate 
present. 

Sodium 

benzoate 

found. 

Gram. 
)             0.1 
I               -0 
/               -1 
I               -0 
J               -1 

I            -o 
i           -1 
I            .o 

i        -1 

\              -0 

Gram. 
0. 0741 
.0576 
.055 
.0511 
.1621 
.0S09 
.0634 
.0477 
.1293 
.1478 

Gram. 
(            0.1 

:? 
{       :i 

.1 

Gram. 
0.0941 
None. 
.0955 

Cloves 

None. 
.0854 

Check 

.0977 

Red  pepper 

These  figures  show  that  it  is  the  presence  of  the  spices  which  causes  the  failure 
of  this  method  for  the  determination  of  benzoic  acid  in  such  products.  It  is  pos- 
sible that  it  may  be  applicable  to  other  materials. 

PRECIPITATION   AS    SILVER   BENZOATE    (METHOD   IV). 

This  method  was  suggested  and  elaborated  by  Mr.  W.  E.  Hillyer. 

The  sample  is  extracted  by  means  of  ether  as  directed  in  Bulletin  107,  page  179, 
or  by  the  method  given  by  Dubois  for  the  extraction  of  ketchups."     The  amount 
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of  substance  used  should  be  such  that  the  portion  subsequently  extracted  with  ether 
will  contain  approximately  0.1  gram  of  sodium  benzoate.  The  ether  extract,  after 
washing  with  water,  is  allowed  to  evaporate  to  dryness  spontaneously,  or  the  first 
portion  of  the  ether  may  be  distilled  and  recovered.  After  drying  completely  the 
residue  is  taken  up  with  a  small  amount  of  absolute  alcohol,  for  the  purpose  of  sep- 
arating interfering  substances  as  far  as  possible,  and  filtered  into  a  small  beaker. 
The  alcohol  is  neutralized  with  sodium  hydroxid,  evaporated  to  dryness,  and  redis- 
solved  in  a  few  cubic  centimeters  of  alcohol  saturated  with  silver  benzoate.  The 
solution  is  filtered  if  not  clear,  washed  with  a  few  drops  of  aldehyde-free  alcohol, 
saturated  with  silver  benzoate,  and  treated  with  from  10  to  15  cc  of  a  saturated  solu- 
tion of  silver  nitrate  in  aldehyde-free  alcohol.  The  precipitate  is  collected  in  a 
gooch,  care  being  taken  that  the  asbestos  filter  be  so  constructed  as  to  afford  as  rapid 
nitration  as  possible.  The  precipitate  is  then  heated  in  a  water- jacketed  oven  until 
the  ether  is  driven  off,  cooled,  and  weighed. 

Care  must  be  taken  to  perform  all  operations  as  quickly  as  possible  in  order  to 
prevent  the  separation  of  silver  oxid.  The  aidehyde-free  alcohol  mentioned  above 
is  about  95  per  cent  by  volume,  and  is  prepared  according  to  the  directions  given 
in  Bulletin  107,  page  96,  with  the  additional  precaution  of  distilling  over  soda  after 
treatment  with  meta-phenylene-diamin  hydrochlorid.  This  method  involves  the 
use  of  a  considerable  quantity  of  ether,  which  is  objectionable  because  of  its  inflam- 
mability and  the  tendency  to  dissolve  sodium  chlorid  and  other  interfering  substances. 
Notwithstanding  this,  very  satisfactory  results  are  reported  by  Messrs.  Hillyer  and 
Flanders  in  the  following  table.  No  other  results  obtained  by  this  method,  using 
ether  as  solvent,  were  reported,  though  the  precipitation  of  benzoic  acid  as  silver  ace- 
tate, using  chloroform  as  a  solvent,  was  included  in  the  work  of  several  other  col- 
laborators. 

Determination  of  benzoic  acid  as  silver  benzoate  in  tomato  ketchup  (Hillyer  and  Flanders). 


Sodium 

Sodium 

Sodium 

Sodium 

benzoate 

benzoate 

benzoate 

benzoate 

added. 

found. 

added. 

found. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

0 

™     .  004 

0.060 

0.056 

0 

.060 

.056 

0 

.001 

.080 

.059 

0 

0 

.146 

.101 

0 

.003 

.146 

.127 

0 

.003 

.100 

.100 

0 

.001 

a.  247 

a.  232 

.030 

.029 

«  247 

a.  222 

.060 

.056 

a.  168 

a.  139 

a  Last  three  results  by  F.  F.  Flanders;  others  by  W.  E.  Hillyer. 

These  results  were  obtained  by  extracting  and  precipitating  as  silver  benzoate  in 
the  ether  residue  following  Method  II  as  given  on  page  70.  The  figures  seem  to  be 
in  every  way  comparable  with  those  obtained  by  Method  II  (see  p.  71).  Extraction 
with  ether  appears  to  be  much  less  satisfactory  than  extraction  with  chloroform,  owing 
to  the  removal  of  interfering  substances  by  the  solvent.  These  bodies  are  partially 
removed  by  means  of  absolute  alcohol,  but  this  introduces  an  additional  operation 
and  the  results  obtained  are  not  as  satisfactory  as  by  extracting  with  chloroform  from 
a  solution  saturated  with  sodium  chlorid.  In  the  table  comparing  Methods  I  and  II 
(p.  71),  is  given  the  percentage  of  sodium  benzoate  precipitated  as  silver  benzoate 
from  the  residue  from  Method  II;  that  is,  the  liquid  titrated  under  Method  II  was 
evaporated  to  dryness  and  used  as  a  starting  point  for  the  silver  benzoate  method. 

In  the  following  table  are  given  the  results  obtained  by  the  examination  of  a  number 
of  samples  of  commercial  ketchups  using  this  method.  In  all  cases  the  benzoic  acid 
was  extracted  by  chloroform  from  a  saturated  sodium  chlorid  solution.  Here,  again, 
it  will  be  seen  that  the  results  obtained  by  weighing  the  residue  are  in  all  cases  slightly 
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higher  than  those  given  by  titration,  whereas  the  amounts  determined  by  precipita- 
tion as  silver  benzoate  are  almost  identical  with  the  amount  obtained  by  titrating 
the  chloroform  residue.  This  method  is  evidently  worthy  of  further  study.  It  is 
much  more  tedious  than  Method  II,  but  is  of  value  for  the  purpose  of  checking  the 
results  obtained  by  that  method  when  a  further  confirmation  seems  desirable. 

Determination  of  benzoic  acid  in  commercial  samples  of  tomato  ketchup  by  precipitation 
as  silver  salt  from  chloroform  extract. 


Analyst. 

Chloro- 
form 
residue 
weighed. 

Chloro- 
form 
residue 
titrated. 

Silver 
precipi- 
tate. 

Analyst. 

Chloro- 
form 
residue 
weighed. 

Chloro- 
form 
residue 
titrated. 

Silver 
precipi- 
tate. 

C.  P.  Wilson 

Do 

Per  cent. 
0.30 
.11 
.19 
.16 
.20 
.33 

Per  cent. 

0.28 

.10 

.16 

.14 
.17 
.32 

Per  cent. 
0.28 
.09 
.15 
.14 
.16 
.31 

P.  B.  Dunbar 

Do 

Per  cent. 
0.20 
.28 
.09 
.21 
.20 
.17 

Per  cent. 
0.17 
.26 
.08 
.19 
.17 
.15 

Per  cent. 

0.18 

.26 

Do 

Do 

.07 

Do 

Do 

.18 

Do... 

Do 

.18 

Do 

Do 

.15 

These  samples  were  treated  according  to  Method  II,  given  on  page  70.  The  residue 
obtained  by  the  evaporation  of  the  chloroform  extract  was  first  weighed,  then  dissolved 
in  about  5  cc  of  neutral  alcohol,  the  solution  so  obtained  diluted  with  water  and 
titrated  with  saturated  alkali  solution.  This  solution  when  exactly  neutralized  is 
evaporated  to  dryness,  after  which  the  benzoic  acid  was  determined  by  precipitation 
as  silver  benzoate. 


THE  DISTILLATION  OF  BENZOIC  ACID  FROM  SULPHURIC  ACID  SOLUTION  (METHOD  v). 

This  method  was  suggested  and  elaborated  by  Mr.  R.  M.  West,"  and  depends  on 
the  distillation  of  benzoic  acid  with  steam  after  the  addition  of  sufficient  concentrated 
sulphuric  acid  to  insure  the  complete  charting  of  vegetable  tissue  and  prevent  vola- 
tilization of  coloring  matter  and  oil.  The  distillation  is  conducted  by  means  of  a  flask 
shown  on  page  21,  the  procedure  being  as  follows :- 

About  10  grams  of  the  sample  are  weighed  into  the  inner  flask  of  the  apparatus, 
1.5  to  2  grams  of  paraffin  added,  and  the  flask  connected  with  the  condenser.  Ten 
cubic  centimeters  of  strong  sulphuric  acid  are  added  through  a  drop  funnel  at  a  rate 
sufficient  to  complete  the  addition  at  from  two  to  three  minutes,  the  flask  is  gently 
agitated,  to  mix  the  contents  thoroughly,  and  allowed  to  stand  from  five  to  ten  minutes 
after  all  apparent  action  of  the  sulphuric  acid  has  ceased.  About  150  cc  of  distilled 
water  are  placed  in  the  outer  flask  of  the  apparatus  and  the  water  slowly  brought  to  a 
boil  and  the  boiling  continued  until  100  cc  of  the  distillate  have  been  collected. 
The  stopcock  in  the  outer  flask  is  left  open  until  the  water  has  heated  sufficiently  to 
prevent  the  contents  of  the  inner  flask  being  drawn  into  the  outer  flask. 

The  distillate  is  filtered  into  a  separatory  funnel  and  the  original  receiver  and  filter 
are  washed  with  two  portions  of  water  of  about  10  cc  each.  The  distillate  is  then 
extracted  with  three  portions  of  ether  of  50,  30,  and  20  cc,  respectively.  The  com- 
bined ether  extracts  are  washed  repeatedly  with  water  until  a  25  cc  portion  requires 
not  more  than  0.10  cc  of  decinormal  alkali  for  neutralization.  The  ether  extract  is 
then  distilled  to  small  volume,  after  which  it  is  evaporated  before  a  blast  of  air,  dried 
in  a  desiccator  to  constant  weight  and  weighed.  The  residue  is  also  dissolved  in 
neutral  alcohol,  using  phenolphthalein  as  indicator. 

The  results  obtained  by  titration  agree  closely  with  those  obtained  by  weighing. 
Excessive  foaming  is  likely  to  occur  when  the  steam  begins  to  pass  into  the  inner 
flask.  This  may  be  caused  by  distilling  too  soon  after  the  addition  of  the  acid,  by  an 
insufficient  amount  of  paraffin,  or  by  an  unusual  amount  of  sugar  in  the  ketchup. 
Care  must  be  exercised  to  prevent  the  foam  passing  into  the  condenser. 

«  J.  Ind.  and  Eng.  Chem.,  1909,  1:  190. 
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The  distillation  should  be  conducted  at  such  a  rate  that  100  cc  of  the  distillate  may- 
be obtained  in  from  twenty-five  to  thirty -five  minutes.  Occasionally  some  paraffin 
is  carried  over  mechanically,  and  this  may  usually  be  removed  from  the  surface  of 
the  distillate  by  means  of  a  wire  or  glass  rod. 

The  following  results  were  obtained  on  ketchups  containing  a  known  amount  of 
sodium  benzoate  : 

Determination  of  sodium  benzoate  in  ketchup  by  Method  V  {West). 


Sodium  benzoate 

found. 

Sodium 

benzoate 

added. 

By 

By 

weight. 

titration. 

Per  cent. 

Per  cent. 

Per  cent. 

0.00 

0.01 

0.01 

.10 

.09 

.10 

.25 

.25 

.24 

.50 

.47 

.47 

The  Detection  of  Cinnamic  Acid. 

The  statement  has  frequently  been  made  that  cinnamic  acid  is  being  used  for  the 
preservation  of  foods,  especially  in  the  case  of  tomato  ketchup.  The  claim  has  often 
been  made  by  those  interested  in  the  preservation  of  ketchup  with  benzoic  acid  that 
the  presence  of  cinnamic  acid  could  not  be  detected  and  that  firms  claiming  to  use 
no  preservative  were  preserving  with  that  substance.  Two  qualitative  methods  for 
the  detection  of  cinnamic  acid,  differing  slightly  from  each  other,  were  elaborated  by 
P.  B.  Dunbar.  Both  of  these  methods  depend  upon  the  well-known  fact  that  cin- 
namic acid  is  oxidized  to  benzaldehyde  by  dilute  chromic  acid  mixture. 

Method  1. — One  hundred  grams  of  ketchup  were  treated  with  100  cc  of  water  and  5  cc 
of  sulphuric  acid  (1  to  5)  and  the  mixture  extracted  directly  with  three  portions  of 
chloroform,  using  50,  25,  and  25  cc,  respectively.  The  chloroform  extract  was  made 
alkaline  with  ammonia  and  evaporated  to  dryness  on  the  water  bath.  The  residue 
was  dissolved  in  a  small  amount  of  hot  water,  filtered,  again  evaporated  to  dryness, 
and  heated  to  boiling  with  5  cc  of  dilute  chromic  acid  mixture  (1  part  of  dilute  sul- 
phuric acid  saturated  with  potassium  bichromate  and  7  parts  water).  The  odor  of 
benzaldehyde  is  strongest  when  the  mixture  is  cooled  until  the  fumes  of  sulphuric 
acid  are  no  longer  apparent. 

Method  2. — Two  hundred  grams  of  the  ketchup  are  diluted  to  500  cc  with  water, 
allowed  to  settle,  and  filtered.  An  aliquot  portion  of  the  filtrate,  250  cc  or  more,  is 
acidified  with  5  cc  of  sulphuric  acid  (1  to  5),  extracted  with  chloroform,  and  the 
remainder  of  the  operation  conducted  as  under  Method  1. 

The  second  method  appears  to  be  slightly  more  delicate  than  the  first,  although 
with  either  it  was  possible  to  detect  cinnamic  acid  in  tomato  ketchup  when  present  to 
an  extent  of  25  mg  per  kilogram. 

This  reaction  is  also  given  by  cinnamic  aldehyde.  The  method,  therefore,  does 
not  distinguish  of  itself  between  cinnamic  aldehyde,  resulting  from  the  use  of  cinna- 
mon as  a  flavor  and  cinnamic  acid  used  as  a  preservative,  except  that  the  amount  of 
cinnamic  aldehyde  present  in  the  commercial  ketchups  examined  was  not  sufficient 
to  give  a  reaction.  If  cinnamic  acid  were  present  in  the  ketchup,  it  would  be  de- 
tected by  the  methods  used  for  the  detection  of  benzoic  acid.  Cinnamic  aldehyde, 
on  the  other  hand,  would  not  be  detected  by  the  methods  suggested  for  benzoic  acid. 
The  benzoic-acid  residue  obtained  by  the  evaporation  of  the  chloroform  extract  may 
be  examined  by  the  cinnamic-acid  methods  described. 

The  germicidal  and  antiseptic  properties  of  cinnamic  acid  were  investigated  by 
G.  W.  Stiles,  who  found  them  to  be  very  much  lower  than  those  of  benzoic  acid.  The 
preservation  of  a  food,  therefore,  would  require  a  much  larger  percentage  of  cinnamic 
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acid  than  benzoic  acid.  In  fact,  the  antiseptic  properties  of  a  saturated  solution  of 
cinnamic  acid  are  so  slight  that  this  substance  would  probably  not  serve  as  a  preserv- 
ative for  foods. 

A  method  for  the  separation  of  benzoic  acid  and  cinnamic  acid  by  precipitation  of 
the  latter  with  manganous  salts  <*  was  tried  unsuccessfully  by  Mr.  Dunbar,  who  was 
unable  to  secure  a  precipitation  of  either  benzoate  or  cinnamate  of  manganese  in 
dilute  solution.  As  is  to  be  expected,  Mohler's  and  Peter's  reaction  also  give  the 
same  end  reaction  in  the  presence  of  cinnamic  acid. 


REPORT  ON  TEA,  COFFEE,  AND  COCOA. 

By  A.  G.  Woodman,  Associate  Referee. 

The  work  of  the  referee  for  the  past  year  has  been  limited  to  a  study  of  methods  for 
the  determination  of  caffein  and  caffetannic  acid  in  coffee,  extract  in  tea,  crude  fiber 
and  starch  in  chocolate,  and  sugars  in  milk  chocolate.  Twenty-two  samples  were 
prepared  and  sent  out  to  those  who  had  expressed  a  willingness  to  collaborate,  ten  on 
tea  and  coffee  and  twelve  on  cocoa  products.  These  were  accompanied  by  the 
following  directions  and  a  letter  of  transmittal : 

CAFFETANNIC   ACID. 

(a)  Krug's  method. — Proceed  as  directed  in  Bui.  107,  p.  155.  (Note  that  the  formula 
for  lead  caffetannate  should  be  Pb3(C15H1508)2  as  in  Bui.  107,  Rev.)  Save  the  filtrate 
for  the  determination  of  caffein.  After  weighing  the  lead  caffetannate  determine  its 
lead  content  as  follows:  Digest  with  aqua  regia,  add  sulphuric  acid,  heat  to  fumes, 
cool,  dilute,  add  alcohol,  settle,  filter,  ignite,  and  weigh  as  lead  sulphate.  Calculate 
as  per  cent  of  lead. 

(6)  Method  of  Trillich  and  Gockelfi — Boil  3  grams  of  coffee  one-half  hour  with  water, 
filter,  and  repeat  this  treatment  on  the  residue  three  times.  The  united  filtrates  are 
made  up  to  1,000  cc.  To  400  cc  add  1  cc  of  basic  lead  acetate  solution  and  allow  to 
stand  overnight.  Filter,  wash,  decompose  the  precipitate  with  sulphuretted  hydro- 
gen, filter  from  lead  sulphid,  evaporate  to  dryness,  and  weigh. 

CAFFEIN. 

In  the  filtrate  from  the  lead  caffetannate  precipitate  the  lead  with  hydrogen  sulphid, 
filter,  and  remove  the  excess  of  hydrogen  sulphid  by  boiling,  concentrating  the  solu- 
tion, if  necessary,  to  about  100  to  150  cc.  Add  tenth -normal  potassium  iodid  solution 
of  iodin  in  excess,  filter  through  a  little  glass  wool  and  determine  the  excess  of  iodin 
with  tenth-normal  sodium  thiosulphate. 

1  cc  tenth-normal  iodin  equals  0.00485  gram  caffein.  c 

EXTRACT   IN    TEA. 

(a)  Follow  the  provisional  method  as  described  in  Bui.  107,  p.  149. 

(b)  Follow  the  method  proposed  by  Doolittle  and  Woodruff  (Bui.  105,  p.  48). 

CRUDE    FIBER  (SAMPLE    a). 

Proceed  as  directed  in  Bui.  107  under  "VI.  General  Methods,"  11,  page  5G,  except 
that  the  fiber  is  filtered  and  weighed  on  a  paper.  The.  sample  should  be  pulverized  by 
grinding  with  ether  as  described  in  the  succeeding  paragraph. 

CRUDE   STARCH  (COPPER-REDUCING  MATTERS   BY  DIRECT  ACID  HYDROLYSIS),  SAMPLE  A. 

Weigh  4  grams  of  the  material  if  unsweetened,  or  10  grams  if  sweetened,  into  a  small 
wedge  wood  mortar,  add  25  cc  of  ether  and  grind  with  a  pestle.  After  the  coarser 
material  has  settled  decant  off  the  ether  together  with  the  fine  suspended  matter  on 

oScoville,  Amer.  J.  Pharm.,  1907,  79  [12]:  549-551. 

6Zts.  Nahr.  Genussm.,  1898,  101. 

cGomberg:  J.  Amer.  Chem.  Soc,  1896,  18:  331. 
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a  11  cm,  blue  ribbon,  S.  and  S.  paper.  Repeat  this  treatment  until  no  more  coarse 
material  remains.  After  the  ether  has  evaporated  from  the  filter,  transfer  the  fat- free 
residue  to  the  mortar  by  means  of  a  jet  of  cold  water  and  rub  to  an  even  paste,  filtering 
on  the  paper  previously  employed.  Repeat  this  process  until  all  sugar  is  removed. 
In  the  case  of  sweetened  products  the  filtrate  should  measure  at  least  500  cc.  Conduct 
the  hydrolysis  of  the  residue  as  directed  for  "Starch"  under  "VI.  General  Methods," 
8  (a),  page  53,  Bui.  107,  Rev.,  except  that  after  neutralizing  with  sodium  hydroxid, 
add  5  cc  of  basic  lead  acetate  solution  (prepared  as  directed  under  "VI.  General 
Methods,  "  6  (6),  (1),  page  40)  before  completing  the  volume  to  250  cc.  To  100  cc  of 
the  filtrate  add  1  cc  of  60  per  cent  sulphuric  acid,  filter  off  the  lead  sulphate  and  deter- 
mine reducing  matters  in  25  cc  of  the  filtrate  as  directed  under  "VI.  General  Methods,  " 
for  Reducing  Sugars,  7,  (6),  (2),  page  49.  Determine  copper  by  the  direct  weighing  of 
cuprous  oxid,  7,  (c),  (6),  page  53. 

SUGARS  (SAMPLE  b). 

Determine  the  lactose  and  sucrose  as  described  by  Dubois. « 

The  amount  of  work  requested  was  purposely  made  small  in  order  that  it  should 
not  prove  burdensome,  but  in  spite  of  this  results  were  received  from  only  four  chem- 
ists, two  on  cocoa  products  and  two  on  tea  and  coffee. 

Tea  and  Coffee. 

The  results  on  tea  and  coffee  are  shown  in  the  following  table: 

Cooperative  work  on  coffee  and  tea. 


Caffetannic  acid. 

Caffein. 

Extract  in  tea. 

Analyst. 

Krug 
method. 

Trillich 

and 
Gockel 
method. 

Krauch 
method. 

Doolittle 

and 
Woodruff 
method. 

F.  O.  Woodruff,  New  York 

Per  cent. 
12.65 
12.41 
11.05 
12.17 
11.25 
11.49 
12.27 
12.23 
12.27 
12.28 
11.19 
13.21 

Per  cent. 
14.42 
17.10 
15.26 
16.26 
14.28 
16.09 

Per  cent. 
0.38 

Per  cent. 

Per  cent. 
52.95 

.33 

51.50 

.29 
.53 
.38 

45.64 
(Whole) 

40.74 
(Ground) 

51.69 
50.92 
51.42 
45.90 

. 

A.  G.  Woodman,  Boston 

8.03 
7.80 
8.26 
8.22 

.68 
.75 
.88 
.74 
.78 
.81 

39.60 
42.15 
40.82 

49.72 

50.16 
50.28 

50.99 

Mark  Millikin,  Hamilton,  Ohio 

11.09 
11.86 
10.11 

9.33 

8.8 

.67 
1.06 

44.8 

42.7 

COMMENT   BY   MR.  WOODRUFF. 

Krug  method  for  caffetannic  acid. — (1)  The  water  must  be  kept  to  constant  volume 
during  thirty-six  hours'  digestion. 

(2)  Unless  great  care  is  used,  the  addition  of  lead  acetate  to  the  hot  alcohol  solution 
will  cause  violent  ebullition  and  partial  loss  of  contents.  A  safety  tube  helps  to 
overcome  this  difficulty. 

(3)  In  determining  the  lead  content  of  the  caffetannate  it  is  advisable  to  filter  the 
caff etannate  through  a  tared  gooch.  This  will  allow  of  digestion  of  contents  in  nitric 
acid  and  precipitation  of  the  lead  with  sulphuric  acid  without  using  a  filter  paper,  the 
carbon  of  which  does  not  completely  oxidize  and  produces  a  blackening  of  the  lead 
sulphate.     The  final  weighing  of  the  sulphate  should  also  be  made  in  a  gooch. 


«  J.  Amer.  Chem.  Soc,  1907,  29:  560. 
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Caffein  method.— It  is  suggested  that  the  caffein  iodin  precipitate  does  not  form 
immediately  and  that  the  low  results  are  due  to  filtering  and  titrating  the  solution  too 
quickly.  Other  work  indicates  that  after  the  iodin  is  added  the  flask  should  be 
allowed  to  stand  in  an  ice  chest  overnight  before  titrating. 

Much  better  results  can  be  secured  by  Gomberg's  original  method  for  caffein, 
as  given  in  the  Journal  of  the  American  Chemical  Society  (1896, 18:  331),  and  modified 
as  follows: 

Extract  2  grams  some  time  with  four  portions  of  water,  cool,  and  make  to  1,000  cc. 
Treat  500  cc  with  15  cc  of  saturated  lead  acetate  solution,  let  settle,  filter,  remove 
lead  with  hydrogen  sulphid,  boil  off  excess  of  hydrogen  sulphid,  divide  filtrate  into 
two  parts,  concentrate  each  to  50  cc,  add  0.2  cc  of  concentrated  hydrochloric  acid  to 
one  and  0.5  cc  of  acetic  acid  to  the  other,  cool  to  15°  C,  add  20  cc  of  tenth-normal 
iodid  solution,  stopper  flask,  and  let  stand  in  ice  two  hours,  filter  on  a  gooch.  Caffein 
does  not  precipitate  unless  mineral  acid  is  present,  so  the  acetic  acid  portion  shows 
if  any  other  materials  are  present  which  would  precipitate  with  the  iodin  solution. 
If  any  absorption  of  iodin  is  found  in  the  acetic  portion,  it  must  be  deducted  from 
the  titration  containing  mineral  acid.  The  difference  represents  the  iodin  used  up 
in  the  formation  of  the  periodid  of  caffein:  1  cc  of  tenth-normal  iodin  equals  0.00485 
gram  of  caffein.  Using  this  method,  .0.78  per  cent  of  caffein  was  obtained  from  the 
coffee  reported. 

Krauch  method  for  extract  in  tea. — The  bulk  of  sample  (20  grams)  makes  complete 
removal  of  water-soluble  substances  almost  impossible.  The  absorption  of  water  by 
large  filter  paper  and  on  surface  of  flask  during  weighing  is  also  a  serious  objection  to 
the  method.     If  sample  is  ground,  filter  paper  is  clogged  and  filtration  prevented. 

Doolittle  and  Woodruff  method. — Care  should  be  used  to  keep  the  entire  sample  in 
the  boiling  liquid  during  extraction  or  low  results  will  be  obtained.  Any  loss  of  water 
by  evaporation  should  be  replaced. 

NOTES    BY   REFEREE. 

The  discrepancy  in  the  results  obtained  by  the  two  analysts  with  the  Trillich  and 
Gockel  method  is  due  principally  to  the  fact  that  Mr.  Woodruff  used  5  cc  of  basic  lead 
acetate  in  the  precipitation  instead  of  1  cc,  as  prescribed  in  the  method.  Determina- 
tions made  by  the  referee  on  the  same  sample  gave  10.08  per  cent  where  2  cc  of  basic 
lead  acetate  was  used  and  12.04  per  cent  when  4  cc  was  used.  The  lower  results 
obtained  by  Mr.  Woodruff  in  the  caffein  estimation  may  have  been  due  to  the  greater 
volume  of  solution  in  which  the  caffein  periodid  was  precipitated,  he  using  a  volume 
of  100  to  150  cc,  while  the  referee  employed  a  volume  of  20  cc.  Experiments  made 
by  Mr.  W.  C.  Taylor  in  the  writer's  laboratory  have  shown  the  necessity  for  concen- 
trating the  caffein  solution  to  small  bulk. 

The  determinations  made  of  extract  in  tea  by  the  referee  convinced  him  of  the 
great  superiority  of  the  Doolittle  and  Woodruff  modification  over  the  Krauch  method 
as  regards  convenience,  time,  and  liability  to  error. 

Cocoa  Products. 

The  following  results  were  obtained  from  the  collaborating  chemists  on  cocoa 
products: 

Cooperative  work  on  cocoa  products. 


Analyst. 

Plain  chocolate 
(Sample  A). 

Milk  chocolate 
(Sample  B). 

Crude 
fiber. 

Crude 
starch. 

Lactose.     Sucrose. 

Q.  M.  Bartlett,  Boston 

Per  cent. 
2.25 
2.50 
2.65 
2.84 
2.69 

Per  cent. 
11.61 
9.69 
9.97 
10.37 
10.03 

Per  cent. 
5.05 
4.83 
5.25 
5.13 

Per  cent. 
25.72 

a.  W.  1  lilts,  'Philadelphia 

27.83 

A.  G.  "Woodman,  Boston 

27.32 
27  02 
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COMMENTS    BY   ANALYSTS. 

G.  M.  Bartlett:  The  conversion  of  the  starch  was  carried  out  as  outlined,  no  difficulty 
occurring  in  the  procedure.  The  aliquot  for  precipitation  was  obtained  as  follows: 
After  converting,  neutralizing,  and  adding  basic  lead  acetate  the  sample  was  made 
up  to  volume  at  about  35°  C.  To  100  cc  at  this  temperature  was  added  the  60  per  cent 
of  sulphuric  acid,  cooled  so  that  the  volume  of  liquid  contracted  to  100  cc.  It  was 
necessary  to  cool  only  to  about  18°  C.  The  sample  for  precipitation  was  taken  when 
the  liquid  had  contracted  to  the  mark.  Two  determinations  were  made — one  by  pre- 
cipitating by  the  Walker-Munson  method  (J.  Amer.  Chem.  Soc,  June,  1906,)  and  the 
other  following  the  method  in  Bulletin  107.     The  latter  gave  11.83  per  cent  of  starch. 

In  determining  crude  fiber  the  electric  stove  was  used  for  boiling  the  1.25  per  cent 
sulphuric  acid  and  caustic  soda.  There  was  but  little  frothing.  The  filter  paper  and 
crude  fiber  were  dried  at  100°  C  and  over  sulphuric  acid.  During  weighing  the  filter 
paper  gained  in  weight.  I  do  not  care  for  this  method  of  getting  the  weight  of  the 
crude  fiber,  even  though  it  is  not  to  be  ignited,  and  would  prefer  filtering  on  a  weighed 
platinum  gooch  filter. 

In  calculating  the  sugar  in  chocolate  by  Dubois's  method  a  it  seems  illogical  to 
multiply  (a—b)  by  1.052  (x  equaling  the  volume  obtained  by  dissolving  sugar  in 
100  cc  of  water)  rather  than  by  105  plus  the  increase  in  volume  due  to  the  solution  of 
the  sugar.  This  actually  makes  but  little  difference  in  the  result,  but  the  following 
statement  of  the  formula  seems  preferable: 


(a— 6X105+SQ 
144- 


=per  cent  sucrose. 


2 

Where  :r/=increase  of  volume  owing  to  the  solution  of  the  sugar  in  water.  In  calcu- 
lating the  lactose  the  complete  formula  reads:  Per  cent  lactose=CX4X  1.11  X  1.05a; 
X  1.264,  where  x— volume  of  solution  when  the  sugar  is  dissolved  in  100  cc. 

R.  W.  Hilts:  The  samples  on  arrival  were  immediately  placed  in  glass-stoppered 
bottles.  Before  removing  portions  for  analysis  they  were  rubbed  down  to  a  coarse 
powder  in  a  large  porcelain  mortar  and  mixed  as  well  as  possible.  This  was  done 
quite  rapidly,  both  to  avoid  possible  changes  in  moisture  content  and  to  avoid  forma- 
tion of  a  pasty  mass. 

Crude  fiber:  First  filtration  was  made  on  closely  woven  linen  in  a  4-inch  Buchner 
funnel  with  light  suction.  Second  filtration  was  on  a  11  cm  B  &  A  ashless  filter  paper 
without  suction.     Both  filtrations  were  rapid  and  satisfactory. 

Starch:  Results  are  multiplied  by  the  factor  1.01  to  correct  for  the  dilution  of  100  cc 
of  the  solution  by  the  1  cc  of  sulphuric  acid. 

Sugars:  The  method  of  Dubois  was  followed  exactly.  It  was  necessary  in  extract- 
ing with  water  to  break  up  with  a  glass  rod  the  compact  cake  left  after  centrif uging  the 
last  time  with  gasoline.  Inversions  were  made  in  the  cold  (50  cc+5  cc  of  hydro- 
chloric acid,  being  allowed  to  stand  over  night.  All  volumes  were  adjusted  at  20°  and 
all  polarizations  were  made  in  jacketed  tube  at  exact  temperatures.  The  actual 
polariscope  readings  (averages  of  four  to  five  close  readings)  illustrate  the  very  great 
influence  that  small  differences  in  readings  have  upon  the  results,  in  these  dilute 
solutions.  In  spite  of  this  fact,  the  method  seems  to  be  satisfactory  and  convenient 
for  judging  milk  chocolates.  The  methods  are,  in  my  opinion,  in  as  simple  a  form  as 
possible,  and  can  not  well  be  improved. 

Recommendations  . 

In  view  of  the  small  number  of  collaborators  it  is  hardly  possible  for  the  referee 
to  make  any  formal  recommendations  based  on  collaborative  work.  It  is  evident, 
however,  that  the  study  of  certain  of  these  methods  should  be  continued  by  the 
association,  especially  the  caffein  estimation  and  the  determination  of  sugars  in 
chocolate.  There  would  appear  to  be  no  reason  why  the  determination  of  extract  in 
tea  as  outlined  by  Doolittle  and  Woodruff  should  not  be  substituted  for  the  cumber- 
some Krauch  method.  The  experience  of  the  referee  on  numerous  samples  of  cocoa 
products  suggests  that  the  requirement  for  filtering  and  weighing  the  crude  fiber  on  a 

a  J.  Amer.  Chem.  Soc,  1907,  29:  556;  see  also  Bui.  107,  Rev.,  p.  256. 
73673— Bull.  122—09 6 
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paper  should  be  omitted,  as  the  determination  can  be  made  more  conveniently  on  a 
gooch  crucible  as  ordinarily  used. 

Attention  is  also  called  to  the  accompanying  paper  involving  some  of  Mr.  W.  C. 
Taylor's  work  on  caffetannic  acid  and  caffein. 


ESTIMATION  OF  CAFFETANNIC  ACID  AND  CAFFEIN  IN  COFFEE. 

By  A.  G.  Woodman  and  W.  C.  Taylor. 

In  connection  with  an  examination  of  the  methods  for  coffee  analysis  the  writers 
have  made  a  study,  in  the  limited  time  available,  of  the  provisional  methods  for 
determining  caffetannic  acid  and  caffein,  especially  the  former. 

Caffetannic  Acid. 

Experience  has  shown  that  with  the  directions  as  given  at  present  it  is  practically 
impossible  to  obtain  concordant  results  or  a  lead  caffetannate  of  constant  composition- 

It  has  been  the  general  experience  of  those  who  have  worked  with  the  Krug  method 
that  it  is  tedious  in  the  extreme,  and,  furthermore,  that  the  composition  of  the  so-called 
lead  caffetannate  obtained  varies  with  the  conditions  of  precipitation.  It  was  our 
purpose  to  ascertain  if  possible  the  source  of  some  of  these  difficulties. 

It  was  seen  early  in  the  work  that  variations  in  the  amount  of  lead  acetate  used 
for  precipitation  gave  variations  in  the  proportion  of  lead  caffetannate  obtained,  as 
well  as  in  its  content  of  lead.  This  is  shown  in  the  following  table,  in  which  the 
determinations  were  made  on  aliquot  portions  of  a  coffee  infusion  and  varying  amounts 
of  saturated  lead  acetate  were  used,  all  other  conditions  being  kept  constant. 

Determination  of  caffetannic  acid,  using  varying  amounts  of  lead  acetate. 


Lead 
acetate. 

Caffetan- 
nic acid  bv 
Krug's 
factor. 

Lead  in 
precipitate. 

cc. 
1 
2 
4 
6 
8 
10 

Per  cent. 
7.66 
9.73 
11.14 
11.70 
12.28 
14.28 

Per  cent. 

50.04 
50.35 

48.31 
55.16 
55.93 

The  averages  of  several  results  are  stated  in  each  case,  although  the  results  showed 
very  considerable  variation.  While  too  much  reliance  can  not  be  placed  on  these 
figures,  owing  to  variations  among  themselves,  they  show  the  necessity  of  using  a 
definite  amount  of  lead  acetate  for  the  precipitation. 

Another  source  of  error  is  the  difficulty  of  washing  the  lead  caffetannate  free  from 
lead  acetate.  Those  who  have  attempted  it  know  the  tediousness  and  the  difficulty 
of  washing  the  precipitate  on  the  filter.  It  is  of  course  necessary  to  use  alcohol  of  90 
per  cent  strength  in  washing,  on  account  of  the  solubility  of  the  precipitate  in  water 
or  dilute  alcohol.  On  the  other  hand,  the  lead  acetate  which  is  to  be  removed  is  only 
slightly  soluble  in  90  per  cent  alcohol.  Hence  it  will  be  readily  seen  that  it  is  practi- 
cally impossible  to  wash  the  bulky  precipitate  on  the  filter.  It  is  true,  also,  that  when 
the  wash  water  no  longer  reacts  for  lead  the  precipitate  is  not  necessarily  free  from  it, 
since  owing  to  its  character  the  wash  water  easily  forms  channels  and  does  not  wash  it 
thoroughly. 

After  numerous  experiments,  washing  by  the  centrifugal  machine  was  tried,  giving 
several  treatments  with  90  per  cent  alcohol  in  the  tubes  of  the  centrifugal  before  trans- 
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f erring  to  filter  paper.     This  method  gave  results  which  were  in  much  closer  agree- 
ment, as  shown  by  the  following  results  on  the  same  sample: 

Per  cent  caff etannic  acid 9.  69  9.  69  9.  57  9. 40 

Per  cent  lead 48.28        48.35        48.01        48.71 

Tests  made  on  a  considerable  quantity  of  the  lead  caffetannate  washed  in  this 
way  showed  it  to  be  free  from  fat  and  nitrogen. 

It  would  seem  as  if  the  long  process  of  digestion  with  water  and  with  alcohol  pre- 
scribed by  Krug  could  be  materially  shortened.  In  much  of  our  work  extracts  of  the 
coffee  were  prepared  by  the  use  of  a  shaking  machine,  shaking  the  sample  for  an 
hour  with  water  and  half  an  hour  with  alcohol.  Results  obtained  in  this  way  agree 
very  well  with  those  obtained  by  the  official  method  of  digestion,  although  there  is 
evidence  to  show  that  neither  method  extracts  all  of  the  caff  etannic  acid. 

Regarding  the  vexed  question  of  the  composition  of  caff  etannic  acid,  we  seem  not 
much  nearer  a  settlement.  The  views  previously  held,  which  seem  to  lead  to  the 
formula  for  a  di-glucosid,  have  been  clearly  set  forth  in  Bulletin  105  by  Mr.  Howard. 
Lack  of  time  prevented  any  extended  investigation  of  this  problem,  but  an  endeavor 
was  made  to  confirm  the  work  of  Cazeneuve  and  Haddon  in  regard  to  the  di-glucosid 
formula  for  caff  etannic  acid.  We  were  unsuccessful,  however,  in  preparing  more 
than  traces  of  the  osazone  prepared  by  them,  although  carrying  out  the  experiments 
exactly  in  the  manner  prescribed.  In  this  connection  the  paper  recently  published 
by  Gorter  a  is  of  interest,  in  which  the  correctness  of  the  Cazeneuve  and  Haddon 
formula  is  questioned.  Gorter  states  that  he  was  unable  to  form  more  than  a  few  small 
crystals  of  the  osazone,  which  he  was  unable  to  isolate  and  considered  that  it  was 
due  to  some  impurity  in  the  caff  etannic  acid.  The  caff  etannic  acid  is  considered 
by  Gorter  to  be  a  mixture  of  chlorogenic  and  coffalic  acids.  Numerous  derivatives 
and  salts  of  these  acids  have  been  prepared  and  are  described  by  the  author  to  sup- 
port his  contention. 

The  method  for  carrying  out  the  Krug  test  which  we  found  to  work  most  satisfac- 
torily may  be  summed  up  as  follows: 

To  2  grams  finely  ground  coffee  (passing  0.  5  mm  sieve),  add  10  cc  of  water  and  shake 
for  an  hour  in  a  mechanical  shaking  device.  Add  25  cc  of  90  per  cent  alcohol  and 
shake  again  for  half  an  hour.  Filter  and  wash  with  90  per  cent  alcohol.  Bring  the 
united  filtrate  and  washings,  about  50  cc,  to  boiling  and  add  6  cc  of  saturated  lead 
acetate  solution.  Separate  the  precipitated  lead  caffetannate  by  means  of  a  centri- 
fuge, decanting  the  supernatant  liquid  through  a  tared  filter.  Repeat  the  centrifu- 
gal treatment  twice  with  90  per  cent  alcohol,  decanting  each  time  through  the  filter. 
Transfer  the  precipitate  to  the  filter  and  wash  free  from  lead.  Wash  with  ether, 
dry  at  100°,  and  weigh.  The  weight  of  precipitate  multiplied  by  0.  51597  gives  the 
weight  of  caff  etannic  acid. 

Caffein. 

In  the  work  on  caffein  a  comparison  was  made  of  three  methods:  The  official 
method  (Bui.  107,  p.  154);  the  titration  of  caffein  with  iodin,  according  to  Gom- 
berg,  in  the  filtrate  from  the  lead  caffetannate;  and  the  method  proposed  by  Gorter 
in  the  paper  previously  mentioned. 

Our  attention  has  been  directed  by  Mr.  C.  D.  Howard  to  a  source  of  error  in  the 
provisional  method,  arising  from  the  fact  that  the  extraction  with  dry  chloroform 
of  the  sand-magnesia  mixture  does  not  yield  the  whole  of  the  caffein.  Mr.  Howard 
says  in  his  letter: 

My  practice  has  been  to  add  to  the  concentrated  filtrate,  contained  in  a  tin-foil  dish, 
about  10  grams  of  sand  and  1  gram  of  magnesium  oxid,  evaporate  and  dry  in  the  water 
oven  for  a  short  time.  The  brittle  mass,  easily  stripped  from  the  dish,  I  grind  finely, 
place  in  a  paper  extraction  cartridge,  and  extract  for  ten  to  twelve  hours  in  the  usual 

way. 

aAnnalen,  1908,359:  217. 
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Now,  myrecenl  experience  haa  been  that  if  the  extracted  residue  be  shaken  with 
and  the  latter  further  extracted,  an  additional  quantity  of  caffein,  sometimes 
equivalent  to  LO  per  cent  of  the  whole,  is  thus  obtained. 

our  experience  haa  been  a  similar  one.  To  illustrate  by  a  specific  instance,  the 
residue  from  t  wenty  hour.-'  extraction  with  chloroform  was  shaken  with  water,  filtered, 
and  the  aqueous  solution  extracted  four  times  with  chloroform,  One-half  the  chloro- 
form extracl  wastested  for  caffein.  and  gave  positive  tests  with  Wagner's  reagent  and  by 
the  "murexid"  test.  Theother  portion  showed  by  a  Kjeldahl  determination  0.0035 
gram  of  caffein,  corresponding  on  the  whole  sample  to  about  10  per  cent  of  the  amount 
present. 

Gorter  finds  that  a  considerable  proportion  of  the  caffein  in  coffee  is  present  as  a 
double  Bait,  the  potassium  caffein  chlorogenate,  from  which  the  caffein  is  extracted 
by  dry  chloroform  only  with  great  difficulty.  Whether  or  not  this  be  the  cause  of  the 
incomplete  extraction,  it  is  evident  that  the  official  method  needs  revision. 

Preliminary  experiments  with  the  Gomberg  method  showed  it  to  be  practicable  for 
■  mall  amount  of  caffein  (approximately  20  mg)  that  would  be  present  in  the 
filtrate  from  the  lead  caffetannate,  providing  the  volume  of  solution  were  not  over  25 
cc.  <>n  account  of  the  Blight  solubility  of  the  caffein  periodid  in  the  wash  water  it 
was  found  besl  in  working  with  this  small  amount  to  suck  the  precipitate  a-  dry  as 
possible  on  the  gooch  filter  and  not  to  wash  it.  Determinations  made  on  20  mg  of 
caffein  in  25  cc  of  water  in  this  way  gave  from  98  to  99  per  cent  of  the  caffein  present 
Numerous  experiments  made  on  the  filtrate  from  the  lead  caffetannate  precipitate  by 
precipitating  the  lead  with  hydrogen  sulphid  and  evaporating  the  filtrate  gave  fairly 
concordant  results,  which  were  uniformly  lower  than  those  given  on  the  same  coffee 
by  the  other  methods  for  caffein.'  It  was  observed  that  the  variations  in  amount  of 
caffein  as  determined  in  this  way  corresponded  roughly  with  the  variations  in  amount 
of  caffetannic  acid  as  found  by  the  Krug  method.  Whether  these  variations  and  low 
results  are  due  to  incomplete  extraction  of  caffein  by  the  process  of  digestion  employed 
in  i he  Krug  method  is  a  matter  which  we  expect  to  investigate  further. 

Gorter's  method  was  not  given  a  thorough  trial.  As  far  as  the  work  goes  it  lias  been 
satisfactory,  and  the  method  is  worthy  of  further  trial  by  the  association.  It  reads 
briefly  as  follows: 

Eleven  gjrams  of  the  finely  powdered  coffee  are  moistened  with  3  cc  of  water  and 
after  standing  a  half  hour  extracted  for  three  hours  in  a  Soxhlet  extractor  with  chloro- 
form. The  extract  is  evaporated,  the  residue  of  fat  and  caffein  treated  witli  hot  water, 
filtered  through  a  cotton  plug,  and  washed  with  hot  water.  The  filtrate  and  washings 
arc  made  up  to  55  <•<■,  50  cc  pipetted  off  and  extracted  four  times  with  chloroform. 
Thi  chloroform  extract  is  evaporated  in  a  tared  fla^k  and  the  caffein  dried  at  100° 
and  weighed. 

I  n  the  det(  i  urinations  made  it  has  never  been  possible  to  weigh  the  caffein  directly 

on  account  of  impurities,  the  caffein  having  been  calculated  from  a  determination  of 

nil  rogen  in  each  case.     From  the  work  done  there  Beems  to  ho  a  strong  probability  that 

1 1 >i nation  of  the  Gomberg  and  <  iorter  methods  will  prove  to  be  the  best  and  most 

-nieiii  process  for  determining  caffein  in  coffee. 


SECOND  DAY. 

FRIDAY— MORNING  SESSION. 

REPORT  ON  THE  DETERMINATION  OF  NITROGEN. 

By  Charles  L.  Penny,  Referee. 

An  apology  is  due  the  association  for  failure  to  carry  out  the  instructions  of  1906  con- 
cerning the  permanganate  methods .  Another  phase  of  the  nitrogen  question  considered 
last  year  and  discussed  in  correspondence  with  the  National  Fertilizer  Association 
seemed  to  outweigh  in  importance  and  urgency  all  others,  namely,  the  determination 
of  total  nitrogen  in  mixed  fertilizers  to  which  nitrate  of  soda  is  added.  With  a  view 
to  making  a  thorough  investigation  of  this  subject,  the  following  instructions  were  sent 
to  such  members  of  this  association  as  were  supposed  to  be  interested  in  the  work  and 
to  more  than  a  score  of  analysts  named  by  the  secretary  of  the  National  Fertilizer 
Association : 

INSTRUCTIONS. 

Chemists  cooperating  in  this  work  are  requested  to  give  their  attention  exclusively 
to  methods  applicable  in  the  presence  of  nitrates,  Bulletin  107,  page  7  (c),  page  8  (d), 
page  10  (g)  and  (h).  There  seems  to  be  urgent  need  of  this  investigation,  especially 
since  the  present  methods  used  to  determine  nitrate  nitrogen  have  been  formally 
called  in  question  by  the  representatives  of  great  commercial  interests. 

No  samples  are  sent  herewith,  as  it  is  thought  that  each  analyst,  by  calculating  the 
nitrate  used  from  a  solution  of  nitric  acid  carefully  compared  with  his  own  standard 
alkali  and  acid,  may  get  more  reliable  results,  through  the  balancing  of  possible  errors, 
than  from  using  a  common  substance. 

Let  the  source  of  nitrate  used  be  a  solution  of  pure  nitric  acid,  about  fifth  normal, 
most  accurately  titrated  against  the  standard  alkali  used  in  the  Kjeldahl  work.  In 
each  case  measure  accurately  into  the  digestion  flask  enough  of  this  nitric  acid  to  con- 
tain 30  to  50  milligrams  of  nitrogen. 

(1)  Follow  method  (c),  disregarding  the  water  in  the  nitric  acid  and  without 
neutralizing. 

(2)  Follow  likewise  method  (d). 

(3)  Follow  method  (g),  adjusting  the  proper  amount  of  water,  distilling  first  with 
magnesia,  then  with  caustic  soda  and  water  added  to  the  residue  in  the  distillation 
flask,  collecting  separate  distillates  and  titrating  each  separately. 

(4)  Similarly  follow  method  (h),  beginning  in  second  line  "in  a  distillation  flask," 
etc. 

.  If  the  yield  of  nitrogen  is  less  than  the  calculated  in  (1),  (2),  (3),  or  (4),  test  the  resi- 
due in  distillation  flask  for  nitrates. 

(5)  Proceed  as  in  (1),  (2),  (3),  (4)  with  the  preliminary  addition  of  2  grams  of  cane 
sugar  to  the  digestion  flask. 

(6)  Proceed  as  in  (1),  (2),  (3),  (4)  with  the  preliminary  addition  of  1  gram,  accu- 
rately weighed,  of  organic  nitrogen  substance,  such  as  dried  blood,  fish  scrap,  or 
tankage,  to  the  digestion  flask.  In  a  separate  operation  treat  1  gram,  accurately 
weighed,  of  this  added  substance  similarly  except  that  no  nitrate  be  present;  that  is, 
analyze  the  added  substance  alone  according  to  (c),  (d),  (g),  and  (h).  Any  nitrate- 
free  mixed  fertilizer  may  be  used  for  the  added  substance. 

While  the  above  plan  entails  much  work,  it  is  hoped  that  a  large  number  of  chemists 
will  test  at  least  some  of  the  several  official  methods  in  question,  if  not  all.  The  figures 
for  each  separate  determination  should  be  reported  and  the  precise  method  pursued 
should  be  fully  explained.  The  results  of  any  other  plan  of  studying  the  nitrate  ques- 
tion, carried  out  by  chemists  at  their  own  suggestion,  will  be  welcomed. 

(85) 
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Answers  were  received  from  five  chemists  engaged  in  official  work  and  three  engaged 
in  commercial  work,  viz,  Messrs.  B.  M.  Bailey,  Now  Haven,  Conn.:  F.  B.  Carpenter, 
Richmond,  \  a.,  reporting  work  ol  Mr.  W.  D.  Cooke;  H.  S.  Lansdale,  Buffalo,  N.  Y.; 
C.  B.  Morrison,  New  Eaven,  Conn.;  J.  Bernard  Robb,  Richmond,  Va.;  B.  F.  Robert- 
Bon,  Clemson  College,  S.  C;  Raul  Rudnick,  Chicago,  111.,  and  T.  C.  Trescot,  Wash- 
.I1.1. 

It  is  regretted  that  cooperation  has  not  been  more  general,  but  the  work  required 
seemed  burdensome,  and  doubtless  few  could  find  the  time  to  engage  in  it.  Several 
of  the  cooperating  chemists,  however,  have  shown  extraordinary  industry,  reporting 
an  amount  of  work  seldom  equaled  in  voluntary  investigation  of  this  sort.  The  ques- 
tions involved  in  the  plan  of  work  are  not  less  than  14;  hence  analytical  results 
are  too  complicated  to  admit  of  convenient  tabulation.  It  seems  better,  therefore,  to 
deduce  from  the  analytical  figures  the  answers  to  the  several  questions. 

Before  judging  the  results  it  is  well  to  bear  in  mind  the  reasonable  expectation  of 
menl  or  accuracy  from  a  number  of  chemists  working  on  the  same  subject.  Last 
year  on  the  Bimpler  problem  of  determining  nitrate-free  nitrogen,  the  work  of  over 
50  chemists,  possibly  the  largest  number  of  the  association  ever  engaged  on  a  single 
question  at  one  time,  seems  to  indicate  that  about  98  per  cent  of  the  truth  is  the  average 
with  present  methods  and  present  personnel.  Then  in  the  more  difficult  question  of 
nitrates  and  the  separation  of  several  forms  of  nitrogen,  this  expectation  would  seem 
tobeal  lea8l  high  enough.  Thus  methods  for  nitrates  that  give  as  much  as  98  per  cent 
of  theory  are  at  least  as  accurate  as  the  average  results  on  nitrate-free  substance.  While 
this  limit  may  easily  be  exceeded  by  experienced  and  skillful  individual  analysts,  it 
is  useless  to  deny  that  it  is  not  exceeded  by  the  average  results. 

The  analysts  used  chiefly  as  their  source  of  nitrate  nitrogen  amounts  of  their  own 
standardized  nitricacid  containing  from  28  to  160  mgs  of  nitrogen.  The  results  obtained 
are  reported  as  percentages,  the  basis  of  which  is  the  amount  of  nitrogen  that  should 
have  been  obtained. 

The  questions  involved  follow,  with  the  answers  deduced  from  the  figures  of  the 
several  analysts. 

Percentages  <>/  nitrogen  recorded  based  on  amount  present,  using  different  methods. 
\Is  nitric  acid,  in  tin  absi  nee  of  organic  matter,  reduced  to  ammonia  without  /<<**.'] 

(1)  BY  METHOD  (C). 


Analyst. 

Number 
of  deter- 
mina- 
tions. 

Range  of 
determina- 
tions. 

Average, 

Bailey 

2 
5 
2 
2 
8 
4 
4 
4 
1 

Per  ct  nt. 
74.  5-82.  9 
94.0-06.0 
'.•7.  !  98.6 
86.1 
87.0-96.0 

Pit  ci  nt. 

7  s  7 



!».">.() 

'IS     |l 



ii 

'.•  1 .  1 



'.»'>   '.' 



Kii'lnick  "  (Thlo  ) 

61.1-76.9 
80.8 

t-82.5 

67   l 

o 

1  Inn.) 

5 

v   METHOD    i'  . 

2 
3 

■_> 

i 
3 

i 
8 

74.8-  7:..  7 
96.0-  96.0 
95.7-  97.4 

7.')  8 

i 

96  o 

;.    i 

H 

93.1 

•'i.d 

Rudnlcl 

9-100.0 

7i..O 

I 


w  .  Rudnick  throughout  the  report  was  done  by  I  .  I  engi  i .  is. .).  Hon- 
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Percentages  of  nitrogen  recorded  based  on  amount  present,  using  different  methods — Cont'd. 

(3)  BY  METHOD  (G). 
[Distilled  off  magnesia  followed  by  soda,  the  sum  of  both  distillates  being  used.] 


Analyst. 

Number 

of  de- 
termina- 
tions. 

Range  of 
determina- 
tions. 

Average. 

2 
2 
2 
6 
8 

Per  cent. 
99. 8-100. 0 

94. 0-  95. 0 

98. 1-  98. 9 
89. 0-  98. 0 
54.  9-  95.  0 

Per  cent. 
99.9 

94.5 

98.5 

Robb .                         

93.5 

76.8 

(4)  BY  METHOD  (H). 


Bailey.. 
Morrison 
Rudnick 


95.  6-99. 3 
95.  4-97. 2 
91.6-99.9 


97.5 
96.3 
95.8 


[Is  nitric  acid  reduced  to  ammonia  without  loss  in  the  presence  of  1.4  to  2  grams  of  sugar f  ] 

(5)  BY  METHOD  (C). 


2 
2 
3 
4 
8 
4 

35.6-49.5 
39. 6-63. 9 
61.0-63.0 

42.6 

51.8 

Robb 

61.7 

100.0 

71. 7-89. 9 

79.4 

98.0 

(6)  BY  METHOD  (D). 


2 

'    2 

3 

4 

8 
4 

40. 0-42. 1 
24. 8-44. 2 
61.0-63.0 

41.1 

34.5 

Robb 

61.7 

99.5 

70.0-86.2 

76.7 

Robertson  a 

99.0 

(7)  BY  METHOD  (G). 
[Distilled  off  magnesia  followed  by  soda,  the  sum  of  both  distillates  being  used. 


Bailey.. 
Morrison 
Rudnick 


(8)  BY  METHOD  (H). 


Bailey 

2 
2 

97.0-110.0 
95. 8-  98. 1 

103.5 

Morrison 

97.0 

[Is  the  sum  of  nitrogen  in  nitric  acid  and  nitrogenous  organic  matter  fully  recovered  as 
ammonia?] 

(9)  BY  METHOD  (C). 


Bailey 

Morrison 

Rudnick  (Thio.) 

(Zn+Thio.) 


o  In  the  presence  of  1  gram  of  a  nitrate-free  mixed  fertilizer  instead  of  sugar. 

b  In  these  determinations  by  the  Ulsch  method,  the  small  quantity  of  water  undoubtedly  caused  spurting 
of  alkali  sufficient  to  drive  it  over  into  the  condenser.    The  bumping  was  terrific.    Rudnick. 
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rUagesofnitrofft  n  recorded  based  on  (mount  present,  using  different  methods — Cont'd. 

(10)  BY  METHOD  (D). 


Analyst  . 


Number 

of  de- 
termina- 
tions. 


Bailey.. 

Morrison 
Rudnick 


Range  of 
determina- 
tions. 


Average. 


Pit  cent. 
77.5-81.0 
77.3-80.5 
42.  C-03.  7 


Percent. 

79.3 
81.9 
55.0 


|  Is  any  of  tin  nitrogt  n  m  nitrate-free  and  ammonia-free  nitrogenous  bodies  obtained.'] 

(11)  BY  METHOD  (G).a 


2 

2 

1.  9-2.  4 

2.  4-3.  5 

2.  2 

3.0 

a  These  figures  were  obtained  distilling  with  magnesia  only.  Soda  being  added  and  distillation  con- 
tinued, the  following  additional  percentages  were  obtained:  Bailey,  8.3  to  9.3,  average  8.8;  Morrison.  8.3 
to  11.  average  9.7.  These  four  determinations  were  made  on  cotton-seed  meal  containing  0.0739  grain  of 
nitrogen,  on  which  nitrogen  the  percentages  are  based. 

(12)  BY  METHOD  (F). 

I  tailey  and  Morrison,  who  alone  worked  on  this  question,  report  that  distillation  was 
rendered  impossible  by  excessive  frothing. 

[How  com  jil<  It-  is  the  liberation  of  ammonia  when  distilled  with  magnesia/] 
(13)  BY  METHOD  (D).a 


Analyst. 

Number 

of  de- 
termina- 
tions. 

Range  of 
determina- 
tions. 

Average. 

Bailey 

4 
2 
4 
6 
8 

Per  cent. 
92. 2-97. 9 
19. 0-22.  3 
93.  6-97. 9 
15.5-31.6 
42.  4-73. 7 

Per  cent. 

94.3 

20.7 



ii 

95.8 

Robb 

22.  4 

1  (ii'l  nick 

63.8 

a  These  figures  represent  the  fraction  of  total  ammonia  liberated  by  magnesia,  the  complement  lacking 
to  make  loo  percent  having  been  Liberated  by  soda.  Thus,  Cooke's  lowest  result  was  lit  percent  distilled 
from  magnesia  and  the  remaining  Is  percent  was  obtained  by  adding  soda  solution  and  continuing  the 
distillation.     Trescot,  reported  below,  recovered  practically  all  of  the  ammonia  by  magnesia  alone. 

!lh    Ts  l h<  loss  of  nitrogen  by  methods  (c)  and  (d)  caused  by  heat  grin  rated  in  mixing  the 

acid  and  water? 

Rudnick,  using  potassium  nitrate  instead  of  a  solution  of  nitric  acid,  obtained  the 
following  figures, and  as  compared  with  these  results  those  found  with  the  solution  of 
nitric  acid  by  the  Bame  methods  averaged  79.8  t<>  tifi.l  per  cent.  Trescot  obtained 
s,»  i"''"  -■'•lit  when  using  nitric  acid,  as  compared  with  LOO  per  cent  witli  potassium 
uitrate 

Rudnick1 s  results,  using  potassium  nitrate. 


Method. 

\ um her  of 
determina- 
tions. 

Range  of 

determina- 
tions. 

\\crage. 

Iliio.).. 

4 

1 

Per  a  nt. 
03.fi 

88.:: 

/'      cent. 
96  i 
B2,  l 
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The  work  of  Trescot  on  potassium  nitrate  is  reported  separately,  as  follows: 

(15)  BY  METHOD  (D). 


Material. 

Number 
of  deter- 
mina- 
tions. 

Range  of 
determina- 
tions. 

Average. 

4 
5 
3 
3 

Per  cent. 
99. 8-100. 1 
97. 7-  99. 2 
98. 0-  98. 8 
100.  6-101. 6 

Per  cent. 
100.0 

98.8 

98.5 

101.1 

(16)  BY  METHOD  (G).     (ULSCH-STREET.) 


Potassium  nitrate 

Potassium  nitrate  and  dried  blood . . 
Potassium  nitrate  and  ground  bone. 


99. 8-99. 8 
99.2-99.2 
99.2-99.2 


99.2 
99.2 


Impurities  in  reagents,  reckoned  on  the  nitrogen  as  the  basis  of  percentage,  were 
reported  as  follows  by  two  analysts  only: 

Percentage  of  impurities  in  reagents  based  on  nitrogen  present. 


Analyst. 

Method. 

(c) 

(d) 

(g) 

(n) 

0.9 

.8 

0.7 
.7 

0.4 
.4 

4.4 

4.4 

Comment  by  Analysts. 

Carpenter,  reporting  the  work  of  Cooke,  says: 

The  Kjeldahl  method,  or  in  fact  any  of  the  methods  described  in  the  "Official 
Methods  of  Analysis,"  are  very  unsatisfactory  for  the  determination  of  nitrates.  In 
our  own  work  for  the  analysis  of  nitrate  of  soda,  nitrate  of  potash,  etc.,  we  use  an 
electrolytic  method. 

Robb  says: 

I  noticed  a  very  perceptible  loss  of  nitric  oxid  when  I  added  the  salicylic-acid 
mixture  both  in  the  case  of  the  nitric-acid  solutions  containing  a  nitrate-free  fer- 
tilizer and  those  containing  cane  sugar. 

Rudnick  says: 

Inasmuch  as  all  of  the  work  could  not  be  carried  out  in  full,  such  features  as  seemed 
to  me  of  less  interest  from  the  standpoint  of  a  fertilizer  manufacturer's  laboratory 
were  omitted.  These  had  to  do  chiefly  with  the  determination  of  nitrate  nitrogen 
per  se.  We  are  not  so  much  interested  in  this  feature,  inasmuch  as  there  are  several 
good  methods  now  in  use  for  this  purpose.  Of  these  we  prefer  the  Schloesing- Wagner 
method,  as  described  in  Bulletin  107  of  the  Bureau  of  Chemistry,  page  111. 

It  is  not  the  determination  of  nitrate  nitrogen  that  we  are  so  vitally  interested  in 
but  the  determination  of  total  nitrogen  where  nitrates  are  present. 

The  results  with  the  fifth-normal  nitric  acid  were  very  unsatisfactory  indeed. 
This  was  probably  due  to  the  great  dilution  with  water,  which  we  never  meet  with 
in  our  work.  Every  precaution  was  taken  to  prevent  undue  heating  on  adding  the 
strong  salicyl-sulphonic  acid . 

A  great  many  more  determinations  than  appear  in  the  preceding  report  were  made 
in  this  laboratory,  but  none  of  them  was  any  more  satisfactory  than  those  reported 
on,  and  there  seemed  to  be  no  special  significance  in  the  results  obtained.  The  Ulsch 
method  as  given  in  Bulletin  107  with  a  number  of  variations  has  been  tried  in  this 
laboratory  at  various  times  during  the  past  years,  but  has  never  given  satisfactory 
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results.     The  zinc-iron  method  works  very  smoothly,  and  some  of  the  results  are 
quite  as  satisfactory  as  those  obtained  by  the  Schloesiiig-Wagner  method. 

.  as  stated  abo\  e,  we  are  mostly  interested  in  the  Gunning  and  Kjeldahl  methods 
for  total  nitrogen  in  the  presence  of  nitrates.  These  methods  have  not  given  satis- 
factory results  in  the  past.  There  are  some  details  in  the  manipulation  of  these 
methods  oof  described  in  Bulletin  107  which  seem  to  tend  materially  to  a  closer 
approximation  of  the  true  amount  of  nitrate  nitrogen,  such  as  quick  covering  of  the 
.-ample  with  enough  Balicylnsulphonic  acid  to  absorb  all  of  the  evolved  nitrogen  oxids, 
sufficient  time  for  thorough  nitration  of  the  acid,  thorough  cooling  of  the  mixture 
before  adding  the  thiosulphate,  and  heating  to  a  free  boil  before  adding  the  mercuric 
oarid  or  the  potassium  sulphate,  respectively.  We  find  also  that  the  tendency  to 
foam  is  very  largely  obviated  by  heating  the  "flask  containing  the  mixture  in  a  boiling 
water  bath  for  an  hour,  or  possibly  less,  prior  to  adding  the  thiosulphate. 

In  view  of  the  poor  results  obtained  with  nitric  acid  it  seemed  that  the  use  of  a 
pure  nil raio  weighed  directly  into  the  digestion  flask  might  prove  much  more  satis- 
factory iV>r  determining  the  accuracy  of  the  various  methods.  Our  work  following 
this  plan  has  given  much  better  results  than  by  using  nitric  acid  as  the  source  of  the 
nitrate. 

In  the  large  majority  of  cases  we  have  to  do  with  mixed  fertilizers  containing  a 
nitrate.  Any  inaccuracies  due  to  the  water  present  in  nitric  acid  or  in  the  solution 
of  a  nitrate  could  easily  be  obviated  by  evaporating  to  dryness  in  the  digestion  flask, 
preferably  in  vacuo,  after  neutralizing  when  necessary  to  prevent  the  loss  of  nitric 
acid. 

But  even  in  the  determination  of  an  added  nitrate  the  results  leave  much  to  be 
desired.  This  is  not  only  the  case  in  this  particular  work,  but  has  been  a  generally 
recognized  fact  among  fertilizer  chemists  for  a  long  time.  If  the  secret  of  success 
lies  in  certain  details  of  manipulation  not  commonly  known,  which  make  the  method 
reliable,  these  details  should  certainly  be  mentioned  in  the  description  of  the  method. 

Trescot  says; 

I  inclose  results  on  neutralizing  with  soda  and  evaporating  down,  also  on  mixtures 
of  potassium  nitrate  and  blood,  and  potassium  nitrate  and  bone  by  the  Gunning 
modified  method  for  nitrates  and  the  Ulsch-Street  method.  These  results  only  con- 
firm my  previous  work  on  such  materials  with  these  methods.  The  zinc-iron  method 
is  a  failure  in  my  hands.  I  never  could  get  concordant  results.  If  there  is  anything 
more  I  can  do,  let  me  know  and  I  will  be  glad  to  do  it;  only  I  do  not  wish  to  repeat 
my  work  on  the  Ulsch-Street  and  Gunning  modified  methods,  for  after  the  most  care- 
ful checking  for  many  years  I  am  convinced  that  if  handled  properly,  and  on  dry 
materials,  both  methods  will  give  all  the  nitrate  present. 

Discussion  of  Results. 

The  opinions  quoted  and  results  reported  show  wide  variations.  By  methods  (c) 
or  (d)  with  and  without  organic  matter,  Robertson  and  Trescot  alone  get  satisfactory 
results;  those  of  the  other  chemists  are  low,  mostly  impossible,  in  fact.  This  may 
be  duo  to  boat  generated  by  the  acid  and  water,  as  many  chemists  think  and  as  Rud- 
oick's  and  Trescot's  work  on  potassium  nitrate  seems  to  show.  On  the  other  hand, 
Robertson's  work  shows  no  appreciable  loss.  An  important  question  is.  Must  not 
thie  possible  loss  from  heat  be  reckoned  with  even  with  a  comparatively  dry  bud- 
Btance?  Even  with  potassium  nitrate  Rudnick  falls  far  short  of  acceptable  accuracy. 
In  view  of  these  facts  may  not  a  too  speedy  application  of  heat  in  methods  (c)and  (dj 
cause  1"--  of  nitrate  vapors?  It  is  a  practice  of  some  careful  analysts  to  allow  nitrate 
samples  to  -land  several  hours  after  the  thiosulphate  or  zinc  dust  is  added.  Homo, 
rec mendations  are  offered  fixing  a  minimum  time  limit  in  methods  (c)  and  (d). 

M<l  hod  (g)  as  carried  out  by  Bailey,  Morrison,  and  Treseol  gives  good  result-;  as 
Carried  out  by  the  other  analysts  uncertain  and  varying  results,  mostly  far  too  lew. 
It  iiiu-i  ho  noted,  however,  that  to  tot  the  completeness  of  the  reduction  of  nitric 
acid   to  ammonia  the  distillation  is  made  at  first  off  magnesia  and  Completed  off  soda. 

pork,  the  amount  of  ammonia  from  each  distillation  being  esti- 
mated separately  and  the  sum  taken.      It  appears  further  from  this  process  that   the 
distillation  from  magnesia  i-  usually  far  from  complete,  giving  in  several  instances 
than  one-fifth  of  the  total  amount  of  ammonia;  that  is,  Less  than  one-fifth  of  \\ hat 
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should  have  been  obtained.  As  method  (g)  permits  the  use  of  magnesia  only,  no 
soda,  in  distilling,  it  is  evident  how  very  inaccurately  this  method  is  practiced  by 
some  chemists.  It  would  seem  that  the  magnesia  distillation  process  is  conducted 
by  many  chemists  less  successfully  than  any  other  analytical  process. 

Furthermore,  the  work  of  Bailey  and  Morrison  shows  that  by  method  (g)  some 
ammonia  is  obtained  from  cotton-seed  meal,  about  2  or  3  per  cent  of  the  total  nitrogen 
in  the  substance  coming  off  as  ammonia,  when  the  distillation  is  off  magnesia,  and 
about  three  times  as  much  in  addition,  when  soda  is  used  in  the  distillation.  This  is 
fortunately  a  compensating  error  and  contributes  something  toward  making  up  the 
deficit  just  described  due  to  distilling  ammonia  off  magnesia. 

As  practiced  by  some  chemists  the  process  of  distilling  off  magnesia  is  worse  than 
useless.  As  method  (g)  does  not  affect  the  amount  of  total  nitrogen,  errors  are  not 
so  serious,  however,  as  in  methods  (c)  and  (d). 

Method  (h)  shows  better  agreement  among  different  chemists  and  also  gives  figures 
somewhat  approximating  theory. 

The  only  report  on  method  (f)  is  to  the  effect  that  excessive  frothing  prevented 
distillation. 

Of  the  54  answers  to  the  14  questions  stated  above,  39,  or  nearly  three-fourths,  must 
be  considered  unfavorable,  either  as  failing  to  reach  the  98  per  cent  standard  of 
accuracy  or  as  showing  reactions  contrary  to  the  plan  and  purpose  of  the  method. 

It  must  be  admitted,  whatever  may  be  the  inherent  accuracy  of  the  several  methods 
here  discussed,  that  most  of  them  in  the  hands  of  some  experienced  chemists  fail  to 
give  reasonably  reliable  and  accurate  results.  It  must  also  be  admitted  that  these 
methods  with  more  or  less  variation  in  detail  are  commonly  accepted  by  chemists  as 
reliable,  and,  as  this  report  shows,  may  be  made  to  give  exceptionally  accurate  results. 
Obviously  methods  so  firmly  established,  and  by  some  analysts  so  successfully  em- 
ployed, are  hardly  to  be  condemned,  or  even  seriously  questioned,  without  a  study 
of  them  by  a  large  number  of  chemists.  The  data  obtainable  for  this  report  are  too 
meager  to  justify  any  criticism  or  proposed  radical  change. 

The  referee  is  still  of  the  opinion  that  the  methods  here  discussed  are  fairly  accurate 
when  properly  followed,  less  accurate  perhaps  in  the  hands  of  some  analysts  than 
methods  applied  to  simpler  determinations,  such  as  of  nitrate-free  nitrogen,  but  yet 
as  accurate  as  the  difficulty  of  the  case  permits;  and  furthermore,  that  unquestionably 
these  methods  are  not  always  successfully  followed,  as  evidenced  by  the  criticisms 
of  chemists  as  well  as  by  the  reported  results,  and  that  probably  some  analyses  made 
according  to  these  methods  are  erroneous,  giving  too  low  results;  that  the  complaint 
of  the  officers  of  the  National  Fertilizer  Association  may  possibly  be  based  on  fact  in 
certain  cases,  probably  due  in  part  to  erroneous  analyses  and  in  part  to  actual  loss 
of  nitric  acid,  but  that  it  is  not  within  the  power  of  this  association  at  present  to  remedy 
the  evil  complained  of,  if  it  exists. 

Recommendations. 

Two  recommendations  of  1907,  referred  to  the  referee  for  1908,  are  recommended 
for  adoption  as  official.  (Nos.  2  and  4,  Circular  38,  page  1,  or  Bulletin  116,  page  129.) 
These  changes  relate  to  the  use  of  copper  sulphate  in  the  Kjeldahl  and  Gunning 
methods.     For  detailed  statement  of  changes  see  page  183. 

Recommendation  3:  Bulletin  107  Rev.,  page  8,  fourth  line  from  top,  after  the  word 
"time  "  insert:  "Allow  the  flask  to  stand  without  heat  for  not  less  than  six  hours." 
•  Recommendation  4:  Same  reference,  page  8,  under  (d)  (3)  "determination," 
fifth  line  of  paragraph,  after  word  ' '  and  "  insert :  ' '  Allow  the  flask  to  stand  without  heat 
for  not  less  than  six  hours;  then".  So  changed  the  sentence  beginning  with  "Add 
5  grams"  would  read:  "Add  5  grams  of  sodium  thiosulphate  and  allow  the  flask  to 
stand  without  heat  for  not  less  than  six  hours;  then  heat  the  solution  for  five  minutes; 
cool;  add  10  grams,"  etc. 
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At  the  close  of  the  reading  of  the  nitrogen  report,  the  president 
announced  the  following  committees: 

Committee  on  amendments  to  the  constitution:  J.  P.  Street,  J.  T. 
Willard,  P.  F.  Trowbridge. 

Committee  on  nominations:  R.  J.  Davidson,  C.  H.  Jones,  B.  B. 
Ross. 

Committee  on  resolutions:  L.  L.  Van  Slyke,  A.  J.  Patten,  V.  K. 
Chestnut. 


REPORT  ON  INORGANIC  PLANT  CONSTITUENTS. 

By  H.  D.  Haskins,  Referee. 

The  work  on  inorganic  plant  constituents  has  been  along  lines  recommended  by 
the  referee  of  the  preceding  year,  particularly  with  reference  to  the  development 
of  a  method  for  the  determination  of  iron  and  aluminum  in  ash.  The  sample  which 
has  Berved  for  the  work  was  prepared  by  thoroughly  mixing  the  ash  of  a  species  of 
Lycopodium,  known  to  contain  a  large  proportion  of  aluminum,  with  a  finely  ground 
and  incinerated  sample  of  wood  ashes,  the  latter  being  known  to  contain  considerable 
quantities  of  iron. 

Proposed  Methods. 

The  method  proposed  for  study  contains  some  of  the  features  incorporated  in  the 
official  method  of  determining  ferric  and  aluminic  oxids  and  phosphates  in  soils 
(Bui.  107,  p.  15).  See  also  Bui.  56,  Proceedings  of  the  Fifteenth  Annual  Convention 
m|'  the  association  in  which  recommendations  are  made  by  Hartwell  in  regard  to  a 
method  described  in  Crooke's  Select  Methods  of  Chemical  Analysis.  The  method 
as  out  lined  for  the  work  this  year  was  in  detail  as  follows,  a  hydrochloric  acid  solution 
of  tin-  ash  being  used: 

SEPARATION    OF   FERRIC   AXD    ALUMINIC    OXIDS    IN    ASH    ANALYSIS. 

Use  ;)  solution  corresponding  to  0.2  gram  of  ash.  After  removing  the  phosphoric 
acid  the  filtrate  from  the  precipitate  of  ammonium  phosphomolybdate,  consisting  of 
a  nitric  acid  solution  of  molybdic  acid,  ferric  oxid,  alumina,  lime,  and  magnesia,  is 
placed  in  a  beaker  and  cautiously  neutralized  with  ammonia,  care  being  taken  that 
the  temperature  does  not  rise  above  40°  C.  and  that  the  alkali  is  added  only  in  slight 
excess;  allow  to  stand  in  a  warm  place  until  the  precipitate  completely  settles,  filter 
the  clear  hi | .eriia taut  fluid,  wash  the  precipitate  with  hot  water  by  decantation, 
then  transfer  it  to  the  filter,  and  finish  the  washing.  Next,  redissolve  the  precipitate 
through  the  lilier  iii  weak,  hoi  nitric  acid  (1  to  5),  reprecipitate  with  ammonia,  tiller, 
and  wash  in  the  same  careful  manner.  The  precipitate  is  dried,  ignited,  and  weighed 
ae  ferric  oxid  and  alumina. 

Method  (b).  The  weighed  precipitate  of  ferric  oxid  and  alumina  is  dissolved, 
Oil  the  hoi  water  bath,  in  a  covered  llask  by  the  addition  of  about  20  CC  of  dilute  sul- 
phuric acid  I  l  part  Bulphuric  acid  to  l  parts  water).  The  iron  is  reduced  to  the  ferrous 
bj  adding  iron-free  metallic  zinc  (about  ■">  decigrams  at  each  addition")  until 
the  solution  i-  completely  decolorized  and  the  iron  is  all  reduced;  cool  by  immersing 

in  cold   water,  dilute  with  cold  distilled  water  which  has  been  recently  boiled,   pour 

ad  wash  into  beaker,  leaving  behind  any  residue  of  zinc.    Titrate  with  standard 

permanganate  solution. 

Mi  phod    i        An  aliquot  pari  of  tne  original  solution  A,  corresponding  to  0.2  gram 

rated  on  hot  water  hath  with  the  addition  of  10  ce  of  sulphuric  acid 

until    nil   hydrochloric  acid    ifi   expelled;  dilute   with   water,    reduce  with   zinc,   and 

andard  solution  of  potassium  permanganate.    The  per  cent  of 

I  obtained   i     deducted  from  the  per  cent  of  ferric  oxid  and  alumina,   eor- 

Q    being  made  for  Biter  ash,  t"  obtain  the  per  cent  of  alumina. 


93 


MAKING   AND    STANDARDIZING    PERMANGANATE    SOLUTION. 

Dissolve  2.82  grams  of  pure  crystallized  potassium  permanganate  in  distilled  water 
by  the  aid  of  heat;  cool  and  dilute  to  1  liter  and  preserve  in  stoppered  flask.  Stand- 
ardize this  solution  by  titration  with  metallic  iron  solution  as  directed  in  the  second 
American  edition  of  Fresenius's  Quantitative  Chemical  Analysis,  pages  268-269. 

A  copy  of  the  method  as  outlined  above,  together  with  the  ash  sample,  was  sent  to 
eight  chemists  who  had  signified  their  intention  of  cooperating  in  this  work.  The 
results  received  from  five  analysts  are  given  in  the  tabulated  statement  which  follows: 


Cooperative  work  on  ash  sample. 


Analyst. 


J.  A.  Le  Clerc 

Andrew  J.  Patten 
S.  C.  Dinsmore. . 

O.  M.  Shedd 

H.  D.  Haskins... 

Average. . . 


Method  B. 


Method  C. 


Alumina 
(A1203). 


6.56 
7.12 
a  7. 45 
6.74 
6.64 


6.77 


Ferric 

oxid 

(Fe203). 


2.54 
2.73 
a  3. 35 
2.66 
2.63 


2.64 


Alumina 
(A1203). 


6.43 

7.17 

a  7. 45 

6.74 


Ferric 

oxid 

(Fe203). 


a  3. 35 
2.66 
2.58 


a  Not  included  in  average. 


Comments  by  Analysts. 

J.  A.  Le  Clerc  found  that  it  was  necessary  to  redigest  the  ash  residue  with  hydro- 
chloric acid  in  order  to  remove  all  of  the  iron  present.  In  Method  C  some  organic 
matter  seemed  to  interfere  with  the  end  point  of  permanganate  titration. 

Andrew  J.  Patten  used  an  approximately  hundredth-normal  solution  of  perman- 
ganate solution,  this  being  preferred  on  account  of  the  small  amount  of  iron  present. 

0.  M.  Shedd  found  objection  to  the  determination  of  iron  by  Method  B  in  that  it 
takes  a  long  time  to  dissolve  the  oxids  in  the  sulphuric  acid  solution,  and  at  this  point 
recommended  the  fusion  of  the  oxids  with  potassium  hydrogen  sulphate. 

The  referee  is  of  the  opinion  that  a  weaker  solution  of  permanganate  is  preferable 
to  the  one  recommended. 

The  average  results  obtained  by  the  two  methods  agree  very  closely  and  indicate 
but  little  choice  in  method  of  procedure. 

The  variations  obtained  between  the  various  chemists  in  the  results  reported  may 
be  due  to  the  method  of  standardizing  the  permanganate  solution.  The  referee  has 
used  for  this  purpose  a  solution  made  from  iron  of  a  known  composition  furnished 
by  the  Bureau  of  Standards,  Washington,  D.  C.  The  personal  equation  must  also 
enter  into  cooperative  work  of  this  nature  to  a  greater  or  less  extent. 

Recommendations. 

In  view  of  the  fact  that  the  two  methods  gave  results  agreeing  within  0.01  of  a  per 
cent,  the  referee  feels  justified  in  recommending  the  one  which  involves  the  least 
manipulation.  The  following  is  therefore  recommended  as  an  official  method  for  the 
separation  of  iron  and  aluminum  in  inorganic  plant  constituents: 

Use  an  aliquot  part  of  solution  A  corresponding  to  0.2  to  0.5  gram  of  ash  for  the  deter- 
mination. After  removing  the  phosphoric  acid,  place  the  filtrate  from  the  precipitate 
of  phosphomolybdate,  consisting  of  the  nitric  acid  solution  of  molybdic  acid,  ferric  oxid, 
alumina,  lime,  and  magnesia,  in  a  beaker  and  cautiously  neutralize  with  ammonia, 
care  being  taken  that  the  temperature  does  not  rise  above  40°  C,  and  that  the  alkali 
is  added  only  in  slight  excess;  allow  to  stand  in  a  warm  place  until  the  precipitate 
completely  settles.     Filter  the  clear  supernatant  fluid,  wash  the  precipitate  a  couple 
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of  iim<s  with  hot  water  by  decantation  before  transferring  it  to  the  filter,  wash  four  or 
five  times  od  the  filter  with  hot  water.  Dissolve  the  precipitate  through  filter  with 
weak,  hot  nitric  acid  (1  to  5),  reprecipitate  with  ammonia,  filter  and  wash  in  the 
Bame  careful  manner.  Dry.  ignite,  and  weigh  the  precipitate  a3  ferric  and  aluminic 
oxids. 

Transfer  an  aliquot  part  of  the  original  solution  A.  corresponding  to  0.2  to  0.5  gram 
of  ash,  i"  an  Erlenmeyer  flask  and  evaporate  with  10  cc  of  sulphuric  acid  on  a  hot  water 
lir  Bteam  bath  until  all  of  the  hydrochloric  acid  is  expelled;  dilute  with  distilled 
water  to  original  volume  and  reduce  the  iron  to  the  ferrous  state  by  adding  iron-free 
metallic  zinc  (about  5  decigrams  at  each  addition)  until  the  solution  is  completely 
decolorized  and  the  iron  is  all  reduced.  Cool  and  estimate  the  iron  by  standard  solu- 
tion of  potassium  permanganate.  Deduct  the  per  cent  of  ferric  oxid  obtained  from 
the  per  cent  of  ferric  and  aluminic  oxids  to  obtain  the  per  cent  of  alumina.  Use  a 
fiftieth-normal  solution  of  potassium  permanganate  standardized  by  a  solution  of  me- 
tallic iron  of  known  composition. 

It  is  also  recommended  that  further  work  be  done  with  the  peroxid  method  for 
the  determination  of  total  sulphur  in  plants  and  plant  products,  as  suggested  by  the 
committee  at  the  last  association  meeting.  Lack  of  time  has  prevented  the  referee 
from  taking  up  this  important  subject  during  the  past  year. 

REPORT  ON   MEDICINAL  PLANTS  AND  DRUGS. 
By  L.  F.  Kebler,  Referee. 

Much  activity  has  been  shown  during  the  past  year  by  both  federal  and  state  offi- 
cials charged  with  the  enforcement  of  the  various  laws  governing  medicinal  agents. 
The  drugs  studied  were  both  imported  and  domestic.  Many  interesting  results  have 
been  observed,  a  few  of  which  will  be  noted  in  the  referee's  report.  The  feature 
.-landing  out  most  prominently  is  the  lack  of  standards  and  recognized  methods  for 
detecting  the  presence  and  determining  the  amounts  of  many  active  medicinal 
agents,  and  from  the  nature  of  some  of  these  agents  no  satisfactory  methods  will  prob- 
ably be  provided  in  the  near  future.  Even  some  of  the  methods  available  and  the 
standards  set  are  found  wanting.  In  this  connection  it  is  desirable  to  call  atten- 
tion to  certain  features  of  the  Pharmacopoeia.  A  plant  product  is  described,  and 
in  M>me  cases  a  standard  relative  to  alkaloidal  content  is  prescribed,  but  in  many 
instances  no  provisions  are  made  for  excluding  or  permitting  the  presence  of  any 
foreign  materials,  such  as  stems,  sticks,  etc.  It  is  a  very  common  experience  to  meet 
with  importations  of  leaves  containing  large  quantities  of  these  impurities.  The  same 
holds  true  with  other  commodities,  such  as  cubeb  berries,  in  which  frequently  a  large 
percentage  of  stems  and  twigs  is  found,  together  with  unmatured  or  overripe  berries, 
and  the  question  arises,  To  what  extent  is  it  permissible  for  these  materials  to  be 
present?  It  is  contended  by  producers  and  importers  that  a  standard  precluding  the 
presence  of  these  foreign  agents  would  be  purely  theoretical,  academic,  if  you  please, 
and  has  no  standing  in  the  business  world.  ( )n  the  other  hand,  it  is  well  known  that 
the  medicinal  value  of  a  preparation  is  enhanced  or  depreciate. 1  in  value  in  proportion 
to  the  quantity  of  these  foreign  agents  present .  For  example,  the  per  cent  of  alkaloid 
material  present  in  belladonna  root  will  he  lowered  in  proportion,  other  things  being 
equal,  to  the  amount  of  adulterant  present.  In  other  words,  it  is  depreciated  at  least 
in  medicinal  value  proportionately  t<>  the  foreign  material  present,  and  to  what  extent 
these  foreign  bodies  unfavorably  influence  the  medicinal  action  of  a  drug  in  which 
they  are  found  i-  unknown. 

Another  feature  is  the  amount  of  sand  or  incidental  earthy  matter  present.  For 
example,  normal  Benna  leaves  do  not  contain  to  exceed  10  per  cent  of  sand  and  other 
inorganic  material,  but  it  ie  not  uncommon  to  meet  with  siftings,  sweepings,  etc.,  of 
senna  containing  from  20  to  :;:>  r>  r  cent  of  such  impurities.  There  is  do  provision  in 
tin-  Pharmacopoeia  setting  an  ash  limit  to  a  producl  of  this  character,  hut  it  is  reason' 
able  to  expect  that  sand  does  not  constitute  a  material  part  of  a  normal  product  used 
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for  medicinal  purposes.  How  many  would  be  willing  to  administer  to  children 
compound  licorice  powder  prepared  with  senna  leaves  containing  25  per  cent  of  sand? 

Probably  no  other  drug  has  caused  so  much  annoyance  and  dissatisfaction  during 
the  past  year  as  asafcetida.  When  the  drug  sections  of  the  federal  law  were  put  into 
effect  at  the  various  ports  it  was  found  that  this  commodity  was  brought  in  containing 
various  amounts  of  alcohol-soluble  material.  No  important  quantity  of  exceedingly 
inferior  material  was  offered,  and  for  the  time  being  no  detentions  were  made,  even 
though  this  drug  was  somewhat  below  the  strength  prescribed  by  the  U.S. P.  for 
alcohol-soluble  material.  It  soon  developed,  however,  that  importers  were  bringing 
in  successive  lower  grades  of  this  product;  for  example,  the  alcohol-soluble  material 
diminished  gradually  from  40  to  30  to  25  and  to  20  per  cent,  and  one  consignment  was 
offered  containing,  according  to  the  declaration  on  the  containers,  as  low  as  15  per 
cent  of  this  material,  while  one  case  of  this  consignment  was  found  to  possess  only  a 
trifle  over  6  per  cent  of  such  alcohol-soluble  material.  The  Pharmacopoeia  also 
prescribes  an  ash  limit  of  15  per  cent.  The  virtue  of  asafcetida  resides  largely,  if  not 
exclusively,  in  the  alcohol-soluble  material,  and  it  would  therefore  seem  that  the 
ash  limit  should  be  liberal.  If  an  importation  were  offered  containing  on  the  average 
50  per  cent  or  more  of  asafcetida  alcohol-soluble  material,  but  the  ash  was  materially 
above  the  limit  prescribed  by  the  Pharmacopoeia,  such  an  importation  should  not  be 
considered  illegal. 

Attention  is  also  directed  to  another  drug,  namely,  copaiba.  During  the  past  year 
large  quantities  of  this  product  were  imported  and  correspondingly  large  examinations 
were  made  at  the  ports,  particularly  JSTew  York.  It  will  be  recalled  that  the  test  as 
originally  prescribed  by  the  committee  of  revision  of  the  U.S. P.  was  modified  at  the 
earnest  solicitation  of  many  dealers  in  this  commodity.  The  result  is  that  the  new 
method  is  so  unreliable  and  unsatisfactory  as  to  permit  the  entry  of  copaiba  containing 
at  least  25  per  cent  of  Gurjun  balsam,  the  common  agent  used  for  its  adulteration.  A 
question  arising  in  connection  with  this  commodity  is,  Shall  the  definition  given 
relative  to  copaiba  as  contained  in  the  U.S. P.  be  strictly  adhered  to,  or  shall  we 
recognize  under  the  name  copaiba,  qualified  or  otherwise,  any  other  commodity  which 
is  derived  from  other  sources  than  those  definitely  prescribed  by  the  above  authority? 
For  example,  there  is  constantly  offered  for  importation  a  product  known  as  African 
copaiba,  which  is  derived  from  an  entirely  different  geographical  source  than  the 
commodity  recognized  by  the  Pharmacopoeia.  It  is  well  known  that  the  African 
oleoresin  differs  materially  in  composition  and  therapeutic  action  from  the  copaiba 
recognized  by  the  U.S. P.  African  copaiba  certainly  is  not  copaiba  within  the  mean- 
ing of  the  pharmacopoeia!  definition  for  this  commodity. 

Another  problem  requiring  attention  is  the  dilution  of  certain  drugs  with  inert 
substances.  The  Pharmacopoeia  prescribes  a  lower  limit  of  alkaloidal  content  for  cer- 
tain potent  drugs  and  it  has  developed  that  millers  are  adding  to  alkaloidal  drugs 
assaying  above  the  lower  limit  prescribed  by  the  Pharmacopoeia  such  inert  material  as 
powdered  olive  stones  so  as  to  reduce  the  alkaloidal  content  to  the  lowest  limit  pre- 
scribed by  the  above  authority.  There  is  nothing  in  the  Pharmacopoeia  that  would 
indicate  that  such  a  practice  was  contemplated  or  recognized.  The  committee 
undoubtedly  was  familiar  with  the  fact  that  alkaloidal  drugs  frequently  contain  a 
larger  amount  of  alkaloidal  material  than  the  lower  limit  prescribed,  but  only  in  one 
case,  and  that  is  opium,  is  there  a  specific  provision  made  for  the  addition  of  a  foreign 
inert  material  so  as  to  reduce  the  product  to  a  strength  conforming  to  both  a  lower  and 
an  upper  limit.  This  is  an  important  question  and  requires  adjustment  in  the  near 
future. 

Attention  has  also  been  directed  to  the  fact  that  there  are  many  commodities  on  the 
market  which  probably  owe  their  virtues  to  their  alcoholic  content;  for  example, 
there  are  a  number  of  so-called  (for  want  of  better  names)  medicinal  wines,  bitters, 
etc.,  which  contain  only  a  dash  of  some  medicinal  substance  such  as  extract  of  cin- 


96 

,f  or  very  small  amounts  of  one  or  more  of  the  cinchona  alkaloids. 
Mixtures  oi  quinin  and  whisky  -  in  hand.     One  of  the  products  examined  was 

round  i"  contain  nol  more  than  one-fortieth  of  a  grain  of  total  alkaloidal  matter  to  an 
of  the  product,  and  even  then  the  alkaloidal  matter  consisted  only  in  part  of 
quinin.  \\  ithout  informing  a  prospective  consumer  or  partaker,  he,  as  a  rule,  would 
not  detect  any  abnormal  odor  or  taste,  excepting  the  one  imparted  by  the  so-called 
whisky  itself.  One  of  the  arguments  frequently  used  to  justify  the  existence  of 
products  ot  this  character  is  that  the  National  Formulary,  a  standard  quoted  by  the 
food  and  .  recognizes  preparations  of  a    similar    type.      The    preparation 

ted  to  most  frequently  is  beef,  wine,  and  iron.  The  point  raised  is  an  exceedingly 
important  one  and  requires  adjustment.  If  it  is  permissible  to  add  simply  enough  of 
in  to  merely  surest  a  certain  physiological  action,  be  it  ever  so  remote,  pri- 
y  for  the  purpose  of  using  the  name  of  a  substance  possessing  recognized  medici- 
nal properties,  in  conjunction  with  the  trade  name  of  a  commodity,  one  helpful  feature 
of  the  law  will  be  largely  negatived  and  an  increased  number  of  so-called  medicinal 
products  ot  the  most  absurd  character  can  be  placed  upon  the  market. 

As  before  stated,  there  are  many  drugs  for  which  we  have  no  satisfactory  chemical 
methods  for  determining  whether  or  not  given  samples  are  active  or  inert.  In  some 
few  cases  it  lias  been  possible  to  employ  animal  experimentation.  The  drugs  amen- 
able to  this  form  of  study  are  digitalis,  cannabis  indica,  strophanthus,  etc.  The 
methods  at  present  available  appear  to  give  fairly  satisfactory  results  in  the  hands 
cperienced  operators,  but  there  is  much  to  be  done  before  it  can  be  definitely 
I  whether  or  not  a  given  consignment  possesses  sufficient  medicinal  properties. 
(  toe  Bpecific  case  in  this  connection  should  be  noted,  namely,  digitalis  leaves.  This 
product  is  of  such  great  importance  to  the  medical  practitioner  for  the  treatment  of 
<<  rtain  heart  affections  that  nothing  relative  to  this  drug  and  its  preparation  should 
be  left  to  chance.  No  less  an  authority  than  Doctor  Dixon,  of  England,  says:  "For 
my  part  I  unhesitatingly  express  the  belief  that  many  hundreds  of  patients  die 
annually  from  digitalis  and  allies  not  possessing  the  virtues  which  are  required  of 
them." 

At  the  meeting  of  the  association  last  year  the  referee  urged  the  appointment  of  a 

number  of  associate  referees  for  the  purpose  of  studying  certain  features  which  need 

careful   investigation;  for  example,   it   is  absolutely  necessary  to  have  an  intimate 

acquaintance   with   the   macroscopical   and   microscopical   features   of   crude   plant 

products.     Satisfactory  methods  are  also  wanting  for  analyzing  the  many  mixtures 

lining  modern  synthetic  chemicals,  used  for  the  treatment  of  headache  and  numer- 

ther  affections.     We  are  in  possession  of  fairly  reliable  methods  for  determining 

and  estimating  morphin  in  certain  combinations  or  if  present  in  considerable  amounts, 

but  it  i-  quite  another  matter  to  detect  and  estimate  this  agent  when  present  in  very 

minute  quantities  in  mixtures  containing  various  solvents,   and   much  study  will 

be  required  before  this  single  item  is  placed  upon  a  footing  which  will  be  absolutely 

reliable.      I  )urin_r  the  past  year  some  work  has  been  attempted  along  this  line  with 

h  may  at  first  appear  to  be  a  very  simple  matter  to  detect  the  presence  and 

estimate  the  amount  of  cocain  in  mixtures,  but  when  it  is  remembered  that  there  are 

quite  a  number  of  products  which  respond  to  one  or  more  oi  the  tests  laid  down  for 

-ain  the  difficulties  can  readily  be  appreciated.     Careful,  thoroughgoing 

:i  all  these  points  are  greatly  needed,  and   until  more  work  is  done 

it  will  bo  difficult  t<>  satisfactorily  enforce  some  features  of  the  federal  and  state  laws 

dealing  with  these  products. 

i  ials  an-  making  frequent  requests  for  information  as  to  methods  of  analysis 

and  standards  for  certain  products.    The  referee  has  been  actively  engaged  on  both 

ot  If'  I  work  and  ha-  now  in  preparation  standards  for  certain  products  for 

which  if  Btandarde  •     character  exist,  and  in  cases  where  the  existing 

ewhat  deficient  it  is  the  intention  t<>  add  certain  features  which  will 
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enable  all  workers  throughout  the  United  States  engaged  in  the  investigation  of  these 
products  to  arrive  at  just  conclusions  relative  to  their  quality.  For  example,  it  is 
intended  to  fix  an  upper  limit  of  the  amount  of  foreign  material  that  may  be  present 
in  a  leaf  described  by  the  United  States  Pharmacopoeia  and  to  provide  an  ash  limit 
for  certain  drugs.  Considerable  progress  has  also  been  made  relative  to  testing  exist- 
ing analytical  methods  and  formulating  new  methods  for  examining  certain  com- 
modities. 

In  order  to  facilitate  the  investigation,  and  in  harmony  with  the  instructions  of  the 
association,  the  referee  appointed  several  associates  to  take  up  specific  features  of  the 
work,  whose  results  will  be  given  in  separate  papers. 


A  PRELIMINARY  STUDY  OF  THE  MICROCHEMICAL  ANALYSIS  AND 
IDENTIFICATION  OF  ALKALOIDS. 

By  B.  J.  Howard  and  C.  H.  Stephenson. 

The  large  number  of  alkaloids  used  at  present  in  drugs  as  well  as  the  increasing 
number  of  synthetic  products  being  placed  on  the  market  has  made  felt  the  want  of 
additional  means  for  their  identification.  Microchemical  methods  have  been  sug- 
gested and  used  to  a  limited  extent  by  such  workers  as  Y\Tormley,  Barth,  and  Behrens, 
but  the  principal  application  of  the  method  has  been  rather  for  the  purpose  of  localiz- 
ing the  alkaloid  in  the  tissues,  by  such  investigators  as  Errera,  Maistriau,  Clautriau, 
Boiling,  and  others. 

At  the  suggestion  of  the  Chief  of  the  Division  of  Drugs  this  investigation  was  taken 
up  by  the  Microchemical  Laboratory  and  a  study  of  several  alkaloids  begun.  Only  a 
preliminary  report  of  progress  can  as  yet  be  made,  and  the  field  has  extended  itself  in 
many  directions  as  the  work  progressed.  The  investigation  as  originally  outlined 
anticipated  several  lines  of  work,  among  which  the  following  might  be  mentioned: 

(1)  The  normal  reaction  of  each  alkaloid  with  each  of  the  various  reagents  which 
are  known  to  be  of  service  with  one  or  more  of  them.  This  involves  a  study  of  dilu- 
tion, the  dilution  of  the  alkaloid  which  will  respond  to  the  test  and  also  the  weight 
limit  of  alkaloid  which  will  give  positive  tests  with  the  reagent.  It  also  involves  a 
study  of  the  forms  of  crystals  produced  at  the  various  dilutions,  the  conditions  for 
producing  the  reaction,  or  the  manipulation,  the  determination  of  melting  points, 
photographing  the  crystals  as  a  matter  of  record,  and  in  some  cases  the  measurement 
of  crystal  angles. 

(2)  A  study  of  the  influence  upon  the  reaction  of  another  alkaloid  present  than  the 
one  sought. 

(3)  A  study  of  the  influence  upon  these  reactions  of  such  substances  as  glycerin, 
sugar,  starch,  oils,  and  fats,  gums,  waxes,  and  other  compounds  likely  to  be  found  in 
drugs,  and  from  traces  of  which  it  is  often  difficult  to  remove,  for  testing,  small  traces 
of  alkaloids  in  some  medicinal  preparations. 

(4)  The  adaptation  of  alkaloidal  purification  methods  for  use  microchemically  so 
as  to  permit  minute  quantities  of  the  alkaloids  to  be  separated  and  prepared  for  testing. 

(5)  The  developing  of  an  analytical  scheme  for  systematically  identifying  micro- 
chemically the  various  alkaloids  present  in  unknown  mixtures.  This  last  can  only 
be  accomplished  after  a  considerable  number  have  been  studied  and  compared. 

During  the  last  year  the  work  has  been  practically  confined  to  the  first  two  lines, 
which  naturally  constitute  the  foundation  of  the  whole  investigation.  The  alkaloids 
studied  comprise  a  list  of  about  forty,  besides  two  or  three  salts  of  two  of  them,  most 
of  which  were  obtained  through  the  Division  of  Drugs,  They  were  commercial  speci- 
mens and  apparently  of  average  purity.  The  list  also  embraces  several  synthetic 
compounds  as  well  as  the  more  common  natural  alkaloids.  Among  the  natural  alka- 
loids or  their  salts  studied  might  be  mentioned  the  following:  Cocain,  codein,  atropin, 
cinchonin,  morphin,  papaverin,  narcein,  caffein,  strychnin,  tropacocain,  hydrastin, 
coniin,  berberin,  solanin,  etc.,  while  among  the  synthetic  bodies  studied  are  anaes*- 
73G73— Bull.  122—09 7 
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thesin.  beta-eucain.  holoeain,  gujasanol,  and  acoin.     The  dilution  of  the  alkaloid 

in  the  solvent  in  many  cases  has  a  most  marked  effect  upon  the  form  assumed  by  the 

precipitate.     There  is  always  a  limit  beyond  which  the  dilution  of  the  product  is 

vat  for  crystallization  to  take  place,  while  on  the  other  hand  the  concentration 

may  Men  precipitation  and  an  unsatisfactory  product 

8.      hi  this  work  dilutions  of  1 :  100  orl: 200  were  most  frequently  tested.     Other 

dilutions  would  possibly  have  given  crystalline  products  where  only  noncrystalline 

te  have  thus  far  been  obtained  or  where  no  reaction  at  all  has  been  noted. 

The  reagents  used  embraced  a  list  of  more  than  ninety  compounds  or  mixtures 
and  included  the  standard  reagents  and  as  far  as  known,  the  special  alkaloidal  reagents 
with  the  exception  of  two  or  three  which  have  recently  been  brought  to  the  authors* 
attention.  Thus  far  crystalline  precipitates  have  been  obtained  in  about  400  combina- 
\..ncrystalline  deposits  resulted  in  nearly  000  other  combinations,  but  their 
usefulness  in  identification  is  very  limited  and  they  can  usually  only  be  employed 
a^  corroborative  - 

Unfortunately  some  of  the  well  known  alkaloidal  reagents,  though  giving  reactions 
with  most  of  the  alkaloids,  produce  only  noncrystalline  precipitates.  As  ordinary 
analytical  tests  they  may  be  satisfactory,  but  as  microchemical  reagents  they  leave 
much  to  bo  desired.  To  the  analytical  chemist  they  serve  a  good  purpose  as  indicating 
alkaloidal  presence,  but  rarely  it-^  identity.  This  is  shown  in  the  following  examples: 
Mayer's  reagent,  11  crystalline,  23  noncrystalline:  Kraut's  reagent  10  and  33  and 
Marme'E  M  and  25,  respectively. 

Picralonic  acid  gave  2L  crystalline  precipitates  out  of  37  positive  reactions,  but 
the  forms  unfortunately  are  in  most  cases  too  much  alike  to  be  of  much  sevice  for 
identification.  The  alkaloids  studied  showed  a  great  diversity  in  the  character  of 
the  precipitate  formed,  as  is  seen  from  the  following  examples,  which  serve  to  illus- 
trate the  extremes,  the  first  four  giving  a  high  number  of  crystalline  forms,  the  last 
five  giving  a  high  number  of  noncrystalline. 

character  of  precipitate  obtained  with  different  alkaloids' 


Alkaloid. 


Strychnin 

Berberin 

. 
'.-•sin  .. 
Aoolo  | 


- 

Noncrys- 

line. 

talline. 

36 

3 

25 

22 

2 

20 

7 

2 

40 

Alkaloid. 


Apomorphin 
Papavenn. . 
Hydrastin.. 
Solan  in 


Crystal-    Xonerys- 
line.         talline. 


With  piperin,  sanguinarin,  emetin,  and  apocodein  noncrystalline  precipitates  only 

have  been  obtained  thus  far.  though  it  may  be  that  by  some  change  of  manipulation 

le  may  yel  be  produced. 

The  melting  point  of  the  products  is  likely  to  be  of  service  at  times  in  establishing 

the  identity  of  certain  compound-  though  Borne  of  the  precipitates  apparently  are 

too  unstable  for  this  test.     For  this  purpose,  however,  an  apparatus  which  had  been 

devised  in  the  Bureau  of  Chemistry  [or  use  on  the  Btage  of  the  microscope  has  been 

i  with  promising  results.     It  allows  of  the  microscopic  examination  and  deter- 

tion  of  the  melting  poinl  of  an  individual  crystal  in  a  mixture  of  various  kinds 

either  with  plain  or  polarized  light.     In  some  crystals,  especially  some  of  the  compart 

Bphei  ilii-  l.i-i  point  is  an  important  means  of  telling  where  melting  begins, 

I  melte  it  Loses  it-  polariscopic  activity,  and  as  all  systems, 

p<  those  bi  •  the  regular  system,  are  active  this  feature  ran  be  used  to 

advantage  in  determining  the  point  where  melting  begins  and  where  it  ends  even  on 

I  in. ill  crystals, 
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The  alkaloid  thus  far  most  thoroughly  examined  is  cocain.  Crystalline  deposits 
have  been  obtained  with  each  of  the  following  eleven  reagents,  viz,  palladous  chlorid, 
platinum  chlorid,  gold  chlorid,  picric  acid,  chromic  acid  and  hydrochloric  acid, 
potassium  dichromate  and  hydrochloric  acid,  potassium  permanganate,  potassium 
chromate,  sodium  carbonate,  ferric  chlorid,  and  potassium  hydrate  or  sodium  hydrate; 
noncrystalline  deposits  were  obtained  with  chlorzinc  iodid,  picralonic  acid,  Mayer's 
reagent,  phosphomolybdic  acid,  phosphotungstic  acid,  Kraut's  reagent,  Wagner's 
reagent,  barium  mercuric  iodid,  and  potassium  cyanid. 

The  following  observations  were  noted  concerning  the  various  reactions  with  cocain 
in  which  crystals  were  produced : 

Palladous  chlorid. — This  is  one  of  the  most  characteristic  tests  for  cocain,  though 
not  quite  so  sensitive  as  gold  chlorid.  The  crystals  vary  in  form  greatly,  according 
to  the  conditions  of  precipitation.  There  is  at  first  formed,  except  in  very  dilute 
solutions  (1:300  and  up),  an  orange-colored  amorphous-like  or  oily  precipitate  from 
which,  on  standing,  crystalline  forms  of  golden  brown  color  are  produced.  One  of 
the  most  common  forms  is  that  obtained  with  a  1:100  dilution,  when  feathery  crystals 
are  formed  which  have  a  strong  tendency  to  twin.  With  a  solution  of  1:20  a  dense 
precipitate  is  thrown  down,  out  of  which  hexagonal  plates  are  at  first  formed  and  fre- 
quently followed  later  by  sheaf-like  clusters  of  fine-pointed  acicular  crystals.  A 
dilution  greater  than  1 :  500  gives  crystals  only  with  difficulty,  crystallization  being 
induced  by  rubbing  the  slide  with  the  glass  stirring  rod.  The  limit  of  the  test  is 
0-2 /<gr. 

Platinum  chlorid. — With  a  1 :  20  solution  a  dense  white  precipitate  is  formed  and 
quickly  followed  by  the  production  of  very  narrow  feathery  crystals — many  times 
twinned  so  as  to  resemble  a  bird  with  outspread  wings.  Clusters  of  more  than  two 
are  also  abundant.  If  the  reagents  are  mixed  slowly  the  crystals  are  more  like  those 
of  greater  dilution.  With  a  1 :  100  dilution  the  feather  type  is  much  more  prominent, 
the  secondary  branches  being  well  developed  into  frost-like  forms.  With  1:1,000 
solutions  either  short  thick  crystals  are  formed  or  else  plate  crystals  twinning  in  a 
most  characteristic  manner  are  produced.  The  dilution  limit  is  about  1:4,000,  and 
the  limit  in  1:1,000  is  0.2  jugr. 

Gold  chlorid. — This  is  the  most  sensitive  reagent  for  cocain  so  far  found.  At  1:100 
feathery  frost-like  crystals  are  produced,  together  with  some  nearly  smooth  star-like 
aggregates.  At  1:1,000  the  form  is  much  the  same,  but  the  branches  usually  bear  a 
rough  outline.  Diamond  plates  are  also  produced.  At  1:4,000  a  cross-like  form 
predominates,  the  cross-bar  being  short.  A  few  rosette  crystals  frequently  are  present. 
Crystals  can  be  obtained  in  dilution  up  to  1:20,000  and  the  limit  of  the  test  for  dilu- 
tions of  about  1:3,000  is  0.033  jugr. 

Picric  acid. — This  is  a  good  reagent  for  dilutions  up  to  1:800,  though  the  crystals 
produced  are  not  very  characteristic  for  this  alkaloid.  They  are  produced  in  spherical 
rosettes  (or  sheafs)  of  fine  lemon-yellow  acicular  forms.  The  reaction  takes  place 
quickly,  and  no  difficulty  is  experienced  in  producing  them  nearly  to  the  limit  of 
dilution.     At  1:300  the  limit  is  0.2  jugr. 

Potassium  permanganate. — With  cocain,  solutions  up  to  a  dilution  of  1:700  give 
purple-colored  square  plates,  or  aggregates  of  this  form.  Vigorous  rubbing  of  the 
slide  is  often  necessary  to  start  the  crystallization,  which  then  proceeds  readily. 
When  they  begin  to  crystallize  spontaneously,  the  plates  are  sometimes  deposited  in 
spherical  aggregates.     The  limit  at  1:400  is  2  ugr. 

Chromic  acid  and  hydrochloric  acid. — This  test  is  made  by  adding  a  small  drop  of  5 
per  cent  chromic  acid  solution  to  the  test  drop.  A  precipitate  is  formed  which  on 
stirring  disappears  (if  too  much  has  not  been  added).  A  small  drop  of  strong  hydro- 
chloric acid  is  added  and  a  yellowish  deposits  produced,  which  after  rubbing  of  the 
slide  should  in  a  few  moments  be  transformed  into  loose  spherical  clusters  of  an  acicular 
crystal.  This  test  appears  to  be  one  of  the  most  uncertain  because^  of  the  difficulty 
with  which  the  crystallization  is  sometimes  induced  to  begin  in  dilutions  greater  than 
1:60.  A  concentration  of  1:1,000  has  produced  positive  results  on  standing  several 
minutes.     The  limit  appears  to  be  for  1:100  about  3  jugr- 

Potassium  bichromate  and  hydrochloric  acid. — This  test  gives  the  same  form  of  crystals 
as  the  chromic  acid  and  the  test  is  conducted  in  a  similar  manner.  The  limit  of 
dilution  is  about  1 : 1,000  while  at  1 :100  the  limit  is  3  jugr. 

Ferric  chlorid. — The  crystals  are  spherical  aggregates  of  rather  coarse  blade-like 
crystals  with  chisel-shaped  ends.  The  limit  of  dilution  is  about  1:1,000  and  in  a 
dilution  of  1 :  100  the  limit  is  3  ugr. 

Potassium  hydrate,  or  sodium  hydrate. — This  produces  a  white  amorphous  precipitate 
which  changes  into  crystals  on  standing  or  by  rubbing  the  slide  with  a  glass  rod, 
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The  crystals  are  rod-like,  frequently  with  more  or  less  chisel-like  ends  and  a  V-shaped 

ckward   into  the  crystal.     There  is  a  strong  tendency  to  form 

ip  to  about  L5  branches.     In  open  drops  tree-like  forms  are  frequent. 

ach  of  these  reagents  dilutions  up  to  1:1,000  give  the  reaction  and  the  limit  at 

L:100    \ 

-  Hum  carbonate. — This  gives  a  precipitate  with  cocain  like  that  produced  by 
potassium  hydrate,  both  in  the  amorphous  and  crystalline  forms.  Limit  of  dilution 
is  1:  L,000.     In  1:100  solution  the  limit  is  3  ugt. 

In  order  to  determine  the  usefulness  of  some  of  the  above  tests  when  other  alka- 
loids are  present  the  palladous  chlorid  test  was  made  on  test  drops  to  which  had  been 
added  solutions  of  one  of  the  following  alkaloids,  codcin  sulphate,  atropin  sulphate, 
heroin,  dionin,  acoiii  powder,  cinchonin  sulphate,  hydroxylamin  hydrochlorid, 
apomorphin  hydrochlorate,  narcotin,  papaverin,  brucin,  narcein,  morphin,  thebain, 
gujasanol,  orthoform  (new),  cinchonidia  sulphate,  quinidia  sulphate,  beta-eucain, 
ain,  caffein,  quinin  sulphate,  strychnin,  and  tropacocain.  In  each  case  the 
crystals  of  the  cocain  compound  were  obtained  and  in  the  case  of  brucin,  gujasanol, 
caffein,  strychnin,  and  tropacocain,  with  which  the  palladous  chlorid  regularly  gives 
a  crystalline  precipitate,  it  was  found  that  when  cocain  was  also  present  the  cocain 
prodiu  ;  was  -riven  in  addition  to  that  for  the  other  alkaloid,  though  occasionally  with 
modified  form. 

The  foregoing  serves  to  give  an  idea  of  the  scope  of  the  work  undertaken,  which  it 
is  hoped  will  bo  carried  much  further  during  the  coming  year. 


COOPERATIVE  WORK   ON   HEADACHE   MIXTURES. 

By  W.  0.  Emery. 

A  i :  er  making  invest  iga  tions  of  various  suggested  methods  for  determining  the  different 
const  ituenta  present  in  the  many  headache  mixtures  containing  acetanilid  and  similar 
agents,  a  method  was  finally  devised  which  proved  quite  satisfactory  to  the  members 
of  the  Division  of  Drugs,  and  it  was  therefore  decided  to  place  this  method  in  the 
hands  of  as  many  chemists  interested  in  this  line  of  work  as  could  assist.  A  circular 
letter  requesting  cooperation  was  sent  out,  and  a  gratifying  number  responded,  sig- 
nifying their  willingness  to  assist,  eleven  of  whom  sent  in  results.  All  who  expressed 
a  desire  !'»  cooperate  were  supplied  with  a  sample  of  a  mixture  containing  known 
amount-  of  acetanilid,  sodium  bicarbonate,  and  caffein,  with  the  following  instruc- 
tions, the  I  .  S.  Pharmacopoeia,  eighth  revision,  as  amended  and  corrected  May  1  and 
.hue  1,  L907,  being  used  as  a  basis  for  all  calculations  and  reagents  unless  otherwise 
Bpecified: 

'  AKATION    OF    CAPPEIN,    A(  KTAMI.II>.    AND    SODIUM    BICARBONATE. 

( 'aft  171  . 

Weigh  out  about  0.3  gram  of  headache  powder  on  a  small  (5.5  cm)  tared  filter,'7 
wash  with  successive  small  portions  of  chloroform  to  the  amount  of  about  30  ec,  col- 
lecting  tie-  Bolvenl  in  ;i  LOOcc  Erlenmeyer.  Distil  off  chloroform  by  means  of  a  small 
flame  until  only  a  few  cubic  coin  [meters  remain.  Add  LOcC  of  dilute  sulphuric  acid, 
then  continue  the  distillation  till  all  thechloroform  lias  gone  over,  disconnect  from  con- 
denser, heat  gently,  first  en  wire  gauze  to  complete  B0lutl0n,&  finally  on  a  steam  or  hot- 


"  I :  ler  nii\i  urea  or  tablets  containing  ground  celery  seed,  much  color- 

ing  matter,  cinchona  alkaloids,  Laxative  or  extractive  principles  other  than  acetanilid 
or  phenacetin,  ii  is  our  practice  to  shake  out  the  latter  by  means  of  chloroform  from 
dibit. •  sulphuric  -^  id  solution. 

''In  case  tli  •  preparation  contains  ground  celery  <rcd  or  certain  oily  principles, 
■  ippene  that  the  acid  solution  does  not  become  entirely  clear  at  this 
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water  bath  until  the  contents  of  the  flask  have  evaporated  to  about  3  to  4  cc .  Cool ,  trans- 
fer by  washing  with  water  to  a  separatory  funnel,  so  that  the  final  volume  does  notgreatly 
exceed  20  cc.  Add  four  times  the  volume,  or  about  80  cc  of  chloroform,  shake  for  some 
time  vigorously,  allow  to  stand  until  the  chloroform  clears  perfectly,  pass  through  a 
small  dry  filter  into  a  dry  100  cc  Erienmeyer,  distil  off  the  solvent  and  use  distillate 
for  a  second  extraction,  observing  the  same  method  of  shaking,  clearing,  and  filtering 
as  above  noted.  Distil  off  chloroform  to  a  small  volume,  transfer  residue  to  a  small 
tared  beaker,  or  crystallizing  dish,  by  means  of  a  few  cubic  centimeters  of  chloroform. 
Allow  to  evaporate  spontaneously,  or  if  desired  on  a  steam  or  hot- water  bath  to  dry- 
ness, in  the  latter  case  partially  covering  the  dish  toward  the  end  of  operation  with  a 
watch  glass  in  order  to  avoid  possible  loss  from  "popping."  Cool  in  desiccator  and 
weigh  as  caffein,  dry  alkaloid.13 

Acetanilid. 

First  method. — The  acid  solution  remaining  in  the  separator  and  containing  anilin 
sulphate  is  run  into  a  100  cc  Erienmeyer,  the  filter  through  which  the  chloroform 
passed  is  washed  once  with  a  little  water,  allowing  the  latter  to  run  into  the  separator. 
Rinse  the  latter  thoroughly,  adding  the  aqueous  rinsings  to  the  acid  solution.  Now, 
run  in  siowly  and  with  constant  agitation  a  standard  solution  of  potassium  bromid- 
bromate  b  to  a  faint  but  distinct  yellow  coloration.  The  number  of  cubic  centimeters 
employed,  multiplied  by  the  value  of  1  cc  in  terms  of  acetanilid,  will  give  the  amount 
of  acetanilid  present. 

Second  method. — The  acid  solution  aforesaid  is  treated  with  successive  small  por- 
tions of  sodium  bicarbonate  until  an  excess  of  this  reagent  is  observed  in  the  bottom 
of  the  separator.  Add  50  cc  of  chloroform  and  15  to  20  drops  of  acetic  anhydrid,  shake 
for  some  time  vigorously,  allow  the  chloroform  to  clear,  then  pass  through  the  same 
filter  used  for  the  caffein  into  a  100  cc  Erienmeyer,  and  distil  off  most  of  the  chloroform. 
Use  this  distillate  for  a  second  shake  out,  clear,  filter,  and  distil  down  to  a  small  vol- 
ume, transferring  the  residue  and  the  subsequent  chloroform  washings  to  a  tared  beaker 
or  dish  precisely  as  in  the  case  of  caffein.  Allow  the  solvent  to  evaporate  spontane- 
ously or  by  means  of  a  blast  or  fan,  avoiding,  however,  undue  heat.c  Dry  in  desic- 
cator over  quicklime  to  constant  weight. 

Verify  the  final  weight  by  means  of  titration  with  standard  potassium  bromid- 
bromate  solution  as  in  the  first  method.  Heat  the  residue  with  10  cc  dilute  sulphuric 
acid  a  half  hour  on  the  steam  or  vapor  bath,  cool,  add  5  cc  of  water  and  titrate  as 
directed  above. 

Sodium  bicarbonate. 

The  residue  left  after  the  first  treatment  with  chloroform  is  weighed  when  dry  and 
represents  very  nearly  the  amount  of  sodium  bicarbonate  present.  It  may  be  more 
accurately  estimated  by  titrating  with  tenth-normal  sulphuric  acid,  using  congo  red 
as  indicator,  or  it  may  be  ignited  with  dilute  sulphuric  acid  and  weighed  as  sodium 
sulphate. 

Calculate  results  in  parts  per  100. 

a  Should  the  caffein  not  be  colorless  or  nearly  so,  the  residue  is  dissolved  in  about 
10  cc  of  water,  filtered,  if  necessary  (in  case  oily  matters  are  present),  through  a  wet 
filter,  the  filtrate  acidified  with  dilute  hydrochloric  acid,  the  caffein  precipitated 
with  15  to  20  cc  of  Wagner's  reagent,  allowed  to  stand  a  half  hour,  filtered,  and  the 
precipitate  washed  with  a  few  cubic  centimeters  of  same  reagent,  the  filter,  together 
with  precipitate,  transferred  to  separator,  decolorized  by  means  of  sodium  sulphite, 
and  the  caffein  finally  extracted  with  chloroform. 

&  For  this  purpose  the  solution  is  prepared  by  adding  bromin  in  slight  excess  to  a 
concentrated  aqueous  solution  of  50  grams  caustic  potash,  the  liquid  diluted  till  the 
separated  salts  redissolve,  boiled,  to  expel  any  excess  of  bromin,  and  finally  made 
up  to  1  liter.  This  solution  is  standardized  with  weighed  amounts  of  acetanilid,  or 
it  may  be  so  adjusted  by  further  dilution  that  1  cc  is  exactly  equivalent  to  1  centi- 
gram of  acetanilid.  For  purposes  of  titration  1  to  2  decigrams  are  heated  a  half  hour 
on  the  steam  or  water  bath  with  10  cc  of  dilute  sulphuric  acid. 

c  Acetanilid  suffers  appreciable  loss  when  heated  above  40°, 
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The  result-  reported  are  tabulated  as  follows: 

ta  obtained  in  Ou  cooperative  work  on  an  acetanilid  mixture. 


Caffein. 

Acetanilid. 

Soda  bicarbonate. 

Analyst. 

Volu- 
metric. 

Gravi- 
metric. 

Volu- 
metric. 

Gravi- 
metric. 

Total.6 

Per  cent. 

12. 16 

10.93 

11.05 

10.40 

11.50 

10.73 

11.33 

11.53 

11.00 

11.00 

1       10. 55 

1       10. 49 

/      10. 48 

\      10.62 

9.80 

10.06 

9.93 

10.20 

f      10.90 

I      11.17 

1       11.30 

\       11.37 

I      10.67 

10.30 

10.00 

10.23 

10.29 

10.01 

Per  c(nt. 
65.93 
66.10 
65.93 
66.10 
63.00 
61.50 
63.  40 
63.44 
63.00 
62.00 
65.78 

Per  cent. 

Per  cent. 
23.20 

Per  cent. 

Per  cent. 
101.29 

23.50 
23.20 

100.53 

100.18 

25.10 
2.5.00 
24.90 
25.00 
24.60 
24.80 
25.03 
25.11 
25. 13 
25.13 
25.06 
24.93 
25.00 
24.93 
25.07 
24.54 
25.57 
25.33 
25.43 
24.99 
24.79 
24.92 
24.95 
25.01 

99.60 

97.23 

99.63 

99.97 

98.60 

97.80 

101.36 

65.26 

65.80 

101.41 

1    I  .  Darling,  New  "i  ork 

67.  72 

65.10 
64.58 

63.03 
63.21 

64.53 

64.00 

99.96 

99.57 

63.60 
63:80 

98.25 

98.64 

100.50 

99.71 

25.93 
25.67 
25.93 

C.  B.  Morrison. a  Connecticut 

64.80 
64.53 
65.33 
64.79 
64.85 

101.  15 

A.  R.  ftlehrtens,  California 

99.  ^2 

Ihy,  California 

100. 12 

W.  0.  Emery,  Washington,  D.  C 

99.94 

100.09 

64.68 

99.70 

10.71 

64. 3S 

65.01 

25.18 

24.89 

99.98 

Maximum 

12. 16 

9.80 

66.10 
61.50 

67.72 
63.60 

25.93 
23.20 

25.57 
23.20 

103.47 

97.23 

Difference 

2.36 

4.60 

4.12 

2.73 

2.37 

6.24 

Known  composition  of  acetanilid  mixture 

ilia,  453  parts;  caffein  (anhyd.), 

:  .  bicarbonate,  174  parts) 

10.04 

64 

.99 

24 

.96 

99.99 

a  Reported  by  J.  P.  Street. 

'>  In  c  :  wo  percentages  for  volumeticand  gravimetic  determinations  of  the  same  substance  were 

reported,  the  mean  of  such  percentages  has  been  taken  in  computing  the  total  percentage. 

Owing  to  an  ambiguity  in  the  expression  "dilute  sulphuric  acid"  employed  in  the 

method  under  caffein,  as  also  in  the  footnote  a,  page  100,  for  standard  bromid-bromate 

solution,  some  of   the  workers  quite  naturally  used  the  pharmacopoeia]  strength, 

with  the  result  that  the  acetanilid  was  not  completely  hydrolyzed.    This  undoubtedly 

explains  the  somewhat  high  results  for  caffein  and  the  correspondingly  low  ones  for 

ailid.    The  stn  acid  intended  and  the  one  actually  employed  for  this 

purpose  in  the  Bureau  of  Chemistry  is  that  ordinarily  used  in  laboratory  work  and 

i    made  by  diluting  1  part  of  concentrated  sulphuric  acid  (whose  specific  gravity  is 

with  5  parts  of  water.     From  two  to  three  hours'  heating  on 

.in  bath  is  usually  required  to  completely  hydrolyze  the  acetanilid. 

Notwithstanding  this  ambiguity  the  results  obtained  are  very  gratifying,  in  view 

of  the  tact  that  the  method  is  new  and  the  workers  have  entered  into  a  comparatively 

uew  field.    The  percentages  of  variation  arc  bo  small  as  to  almost  warrant  the  referee 

in  recommending  it  as  a  provisional  method  to  the  association.     Be  believes,  how- 

that  the  method  should  receive  additional  study,  and  bo  recommends.     It  is 

mended  that  additional  mixtures  be  tested  with  this  and  such  other  methods 

und  desirable. 
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President  Snyder  introduced  the  Secretary  of  Agriculture  with  a 
few  words  of  appreciation  concerning  the  long-sustained  attitude  of 
the  Secretary  in  fostering  agricultural  chemistry,  especially  the 
work  of  the  official  chemists,  by  making  possible  the  close  affiliation 
between  the  Department  of  Agriculture  and  the  association.  The 
Secretary  then  briefly  addressed  the  convention,  after  which  the  read- 
ing of  the  drug  reports  was  resumed. 

THE  NECESSITY  FOR  ANIMAL  EXPERIMENTATION  IN  DETER- 
MINING THE  PURITY  AND  STRENGTH  OF  MEDICINAL  PREPA- 
RATIONS. 

By  William  Salant. 

Experiments  on  animals  have  long  been  recognized  in  medical  jurisprudence  as  a 
valuable  adjunct  to  chemical  and  microscopical  methods  in  the  detection  of  poisons  in 
animal  tissues  and  fluid.  Notwithstanding  the  improvements  in  the  methods  of 
analytical  chemistry  witnessed  within  recent  years,  tests  on  animals,  or,  as  Robert  a 
terms  it,  "biological  testing,"  is  still  resorted  to  in  order  to  corroborate  the  findings  of 
the  analytical  chemist  in  cases  of  suspected  poisoning  with  alkaloids  and  other 
poisonous  substances  of  plant  or  animal  origin.  The  French  chemist,  Boutmy,& 
who  made  extensive  studies  on  poisoning  with  alkaloids,  concluded  that  in  all  cases 
in  which  the  presence  of  an  alkaloid  in  the  body  is  suspected  experiments  on  animals 
should  be  made  for  the  purpose  of  confirming  the  results  of  chemical  analysis. 

The  work  of  some  investigators  indicates  that  the  biological  method  is  in  certain 
cases  much  more  delicate  than  the  chemical.  Rankec  reports  experiments  on  dogs 
which  were  given  0.1  of  a  grain  of  strychnin  by  mouth.  Chemical  examination  of 
the  organs  of  these  animals  failed  to  show  the  presence  of  strychnin,  but  when  extracts 
of  the  same  organs  were  injected  into  frogs  tetanus  followed.  Faick^  has  shown  long 
ago  that  one- twentieth  of  a  milligram  of  strychnin  was  sufficient  to  induce  tetanus 
in  a  medium-sized  frog.  It  might  be  added  that  if  smaller  frogs  are  used  the  same 
effect  may  be  obtained  with  one-eightieth  of  a  milligram.  Atropin  is  another  example 
of  a  "drug  of  which  small  quantities  are  sufficient  to  produce  a  physiological  reaction. 
Only  one-twentieth  of  a  milligram  is  necessary  to  produce  dilation  of  the  pupil. 

Likewise  cocain,  which  produces  characteristic  effects  on  the  mucous  membranes, 
and  by  its  action  on  the  frog's  pupil,  can  be  identified,  even  when  very  small  quan- 
tities are  present  in  biological  solutions. 

Aconitin  can  be  identified  in  milligram  doses  by  its  action  on  the  tongue,  eye, 
heart,  and  central  nervous  system.  No  chemical  methods  have  as  yet  been  devised 
by  which  such  small  quantities  of  this  alkaloid  can  be  detected.  A  striking  illus- 
tration of  the  delicacy  of  the  biological  method  is  afforded  by  the  work  of  Hunt.6 
In  his  investigations  on  the  functions  of  the  thyroid  he  has  shown  that  mice  fed  for  a 
few  days  with  the  extract  of  this  gland  acquire  greater  resistance  to  poisoning  with 
acetonitrile.  One  milligram  of  the  official  dried  thyroid  fed  to  white  mice  daily  for 
a  few  days  may  enable  the  animals  to  recover  from  double  the  dose  of  acetonitrile 
fatal  to  the  controls.  Seidell,/  working  under  the  direction  of  Hunt,  found  that 
forty  to  fifty  times  as  much  thyroid  would  be  required  to  give  the  iodin  test. 

«Ber.  deutsch.  pharm.  Ges.,  1903,  IS:  325. 

&  Ann.  hyg.  publique  med.  legale,  1880,  [3]  4:  193. 

c  Virchow's  Archiv,  1879,  75:  20. 

d  Vierteljahrschr.  gericht.  Med.,  N.  F.,  1874,  20:  198. 

ej.  Amer.  Med.  Assoc,  1907,  49:  240. 

/Ibid. 
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Even  more  delicate  are  the  methods  employed  in  the  study  of  immunity.  As 
shown  by  the  work  of  Meyer  a  and  Uhlenhuth,^  by  means  of  the  precipitin  tost  the 
presence  and  nature  of  proteins  may  be  ascertained  in  a  dilution  of  1: 100,000.  As  is 
well  known,  the  chemical  tests  for  albumin  are  of  no  value  in  dilutions  over  1:1,000, 
and  it  is  not  specific. 

For  the  identification  of  some  poisons  and  the  standardization  of  certain  drugs 
of  vast  therapeutic  application  experiments  on  animals  are  practically  the  only 
reliable  method. 

There  are  no  satisfactory  chemical  methods  for  the  identification  of  the  saponins, 
but  owing  to  their  powerful  hemolytic  action  and  their  effect  on  the  heart  and  volun- 
tary muscles  their  identification  has  become  possible.  According  to  Kobert,c  picro- 
toxin  can  be  identified  by  experiments  on  animals  only.  The  detection  of  curarin 
by  chemical  tests  is  very  unsatisfactory;  by  its  action  on  the  motor  end  organs,  how- 
ever, its  identity  can  be  established  even  when  mere  traces  are  present.  Thus  motor 
paralysis  in  frogs  has  been  induced  by  injecting  0.005  milligram  of  curarin. 

Adrenalin  has  been  the  subject  of  numerous  investigations.  On  account  of  its 
powerful  action  and  its  extensive  therapeutic  application,  the  strength  of  the  various 
preparations  should  be  accurately  known.  A  number  of  color  tests  have  been  pro- 
posed for  this  purpose,  some  of  which  are  of  doubtful  value  and  some  may  be  employed 
if  properly  controlled  by  tests  on  animals,  which  are  very  delicate.  Meltzer  and 
Auer  d  have  shown  that  a  drop  of  a  solution  of  1: 120,000  dropped  into  the  conjunctival 
sac  of  a  rabbit  causes  blanching  of  the  conjunctiva  and  dilation  of  the  pupil.  Accord- 
ing to  Ehrmann, «  a  reaction  of  the  pupil  of  the  excised  eye  of  the  frog  may  be  obtained 
with  0.000025  milligram  of  this  drug.  Similar  results  were  obtained  by  other  inves- 
tigators who  worked  on  the  pharmacology  of  the  drug.  Cameron's/  experiments  with 
this  drug  on  rabbits  have  shown  that  0.0003  milligram  per  kilogram  will  cause  a  rise 
of  blood  pressure. 

Preparations  of  digitalis  have  been  found  to  vary  enormously  in  physiological 
activity.  Frankel  <7  states  that  the  strength  of  the  tincture  varies  from  200  to  400 
per  cent,  and  the  infusion  varies  from  100  to  125  per  cent.  In  a  recent  article 
Lutzkaja^  states  that  the  infusion  of  digitalis  he  examined  was  only  60  per  cent  of 
the  strength  represented  by  the  firm  which  prepared  it.  Barger  and  Shaw,  '  in 
England,  examined  nine  tinctures  of  this  drug,  and  found  a  variation  of  75  per  cent 
in  their  strength.  These  authors  made  a  comparative  study  of  Keller's  method  and 
the  physiological  test  on  an  artificial  infusion  of  digitalis  made  by  adding  a  known 
quantity  of  the  drug  to  a  mixture  of  hay  and  chaff.  This  was  extracted  with  60  per 
cent  alcohol.  Chemical  analysis  of  the  extract  showed  the  presence  of  0.1  per  cent 
of  digitalis,  whereas  the  mixture  contained  0.4  per  cent.  The  same  extract  v. as 
tested  on  frogs,  however,  and  found  to  contain  approximately  0.4  per  cent. 

In  the  case  of  some  drugs  the  physiological  test  above  must  be  relied  upon,  no 
chemical  method  having  as  yet  been  devised  for  their  identification  or  quantitative 
determination.  Cannabis  belongs  to  this  category.  Houghton  and  Hamilton,)  in  a 
recent  article,  state  that  previous  to  the  adoption  of  this  test,  preparations  of  the 

a  Lancet,  1900  (2),  p.  98. 

&Deutsch.  med.  Wochenschr.,  1900,  26:  734. 

cLoc.  cit. 

rfCentrbl.  Physiol.,  L904,  18:  317. 

<  Arch.  exp.  Path.  Pharmak.,  L905,  53:  97. 

/  Proc.  Roy.  Soc.  Edinburgh,  L905,  26:  Kil. 

</Th<r.  Gegenwart,  N.  S.,  L902,  4  :  L12. 

&Arch.  intern,  pharmacodynamic,  L908,  18:  77. 

'Yearbook  of  Pharmacy,  L904,  p.  541. 

.'Th.  r.  Gazette,  L908,A?:  26. 
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drug  were  so  unreliable  that  hospital  physicians  used  to  experiment  on  patients  with 
samples  of  this  drug  before  placing  an  order  for  it.  Since  experiments  on  animals 
with  this  drug  have  been  introduced,  the  practice  of  testing  the  preparations  on  human 
beings  was  abandoned. 

Ergot  is  another  drug  whose  activity  can  at  present  be  determined  only  by  experi- 
ments on  animals.  Crawford, a  who  made  a  study  of  chemical  tests,  came  to  the  conclu- 
sion that  they  are  of  no  value,  while  its  action  on  the  cock's  comb  after  subcutaneous 
injection,  or  on  the  isolated  uterus  of  the  cat,  is  characteristic  and  may  therefore  be  used 
to  advantage  in  its  identification  or  in  determination  of  the  strength  of  the  preparation. 

REPORT  ON  INSECTICIDES.^ 

By  C.  C.  McDonnell,  Referee. 

A  study  of  methods  for  the  examination  of  insecticides  and  fungicides  was  taken  up 
by  the  association  only  ten  years  ago  at  the  fifteenth  annual  convention,  when  the 
first  referee  on  this  subject  was  appointed. 

For  the  two  years  following  this  no  analytical  work  was  reported,  but  methods  were 
compiled  and  suggested  for  the  examination  of  this  class  of  materials  which  were  then 
most  important,  and  these  were  adopted  provisionally.  All  of  them  have  been  tested 
since  that  time  and  those  proving  of  value  have  been  officially  adopted  by  the  associa- 
tion. A  number  however  have  since  been  replaced  by  more  rapid  and  accurate 
methods.  As  the  list  of  substances  used  as  insecticides  and  fungicides  increases,  as  it 
is  constantly  doing,  new  methods  must  be  devised  and  changes  in  old  methods  intro- 
duced in  order  that  they  may  be  adapted  to  a  particular  material. 

At  the  present  time  the  most  important  of  these  is  lead  arsenate,  and  it  is  to  methods 
for  the  examination  of  this  substance  that  considerable  study  is  now  being  given.  The 
work  as  carried  out  this  year  has  been  largely  along  the  line  of  the  recommendations  of 
the  referee  last  year,  which  were  adopted  by  the  association.  In  addition  a  modifica- 
tion proposed  by  the  present  referee  for  the  determination  of  total  arsenic  oxid  in 
London  purple  has  been  given  a  trial. 

Work  as  Outlined. 

(1)  A  comparison  of  the  provisional  methods  for  London  purple  given  in  Bureau 
of  Chemistry  Circular  10,  revised,  the  method  as  modified  by  Davidson,  given  in  the 
Proceedings  of  the  twenty-second  annual  convention  of  the  association,  also  in  Bureau 
of  Chemistry  Bulletin  107,  revised,  and  the  modified  method  as  proposed  by  the  pres- 
ent referee. 

(2)  A  further  study  of  the  precipitation  method  for  soda-lye,  using  fifth-normal  acid 
instead  of  half-normal,  also  with  and  without  removal  of  the  barium  carbonate  pre- 
cipitate before  titration. 

(3)  Determination  of  formaldehyde  in  strong  solution  by  the  provisional  hydrogen 
peroxid  method,  and  on  dilute  solutions  by  the  cyanid  method  to  determine  the 
amount  of  dilation  necessary. 

(4)  Further  test  of  the  Avery  method  for  the  determination  of  sulphur  in  sulphur 
dips. 

(5)  A  continuation  of  the  study  of  the  methods  for  lead  arsenate  proposed  by  Hay- 
wood (Proceedings  1906,  Bulletin  105,  p.  165)  and  tried  last  year. 

Samples  were  sent  to  five  chemists,  who  had  expressed  a  willingness  to  cooperate 
in  the  work,  and  more  or  less  complete  reports  have  been  received  from  three  of  these. 

a  Amer.  J.  Pharni.,  1908,  80  :  326. 

&  Owing  to  the  illness  of  the  referee,  this  report  was  not  ready  for  presentation  to  the 
convention  at  the  time  of  its  meeting.  Through  the  courtesy  of  the  association  the 
referee  was  permitted  to  present  the  report  at  a  later  date  for  insertion  in  the  Pro- 
ceedings. 
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London  Purple. 

Owing  to  the  considerable  variation  in  results  and  the  difficulties  encountered  in 
the  carrying  out  of  the  present  methods  for  the  determination  of  total  arsenic  oxid  in 
London  purple,  methods  for  this  substance  have  been  receiving  considerable  atten- 
tion from  the  association  for  several  years.  The  three  principal  objections  to  the 
methods  thus  far  proposed  are:  (1)  The  difficulty  in  reading  the  end  point  when  using 
up  the  excess  of  liberated  iodin  with  sodium  thiosulphate  after  the  reduction  of  the 
arsenic  oxid  to  arsenious  oxid.  (2)  The  difficulty  in  reading  the  end  point  in  the 
final  reaction  on  adding  the  standard  iodin  solution.  (3)  The  great  tendency  to 
foaming  on  adding  sodium  carbonate  to  neutralize  the  acid.  Both  the  first  and  second 
are  caused  entirely,  and  the  third  largely,  by  the  great  amount  of  organic  matter  (dye) 
contained  in  London  purple.  Several  methods  have  been  proposed,  which  are  more 
or  less  successful,  for  overcoming  these  difficulties.  The  two  which  are  most  used, 
however,  have  not  given  satisfactory  results  in  the  hands  of  all  the  analysts  using 
them,  in  many  cases  the  results  running  several  per  cent  too  low.  The  modification 
proposed  by  the  referee  and  tried  this  year  overcomes  these  difficulties  and  renders 
the  determination  of  total  arsenic  oxid  much  easier,  particularly  for  one  who  has  not 
had  considerable  experience  with  the  present  methods. 

In  the  following  tables  are  given  the  results  obtained  by  the  different  analysts,  fol- 
lowed by  their  comments: 

TOTAL   ARSENIOUS    OXID. 

Method  I  is  a  provisional  method  and  may  be  found  in  Bureau  of  Chemistry  Bulle- 
tin 107,  revised,  page  28.  Method  II  may  be  found  on  page  29  of  the  same  bulletin. 
The  results  are  very  satisfactory,  Method  II  appearing  to  give  slightly  lower  figures. 

Total  arsenious  oxid  (^4s203). 


Analyst. 


Method  I. 


Method  II. 


R.  J.  Davidson,  Blacksburg,  Va. . 
R.  W.  Thatcher,  Pullman,  Wash. 


C.  D.  Woods,  Orono,  Me. 


C.  C.  McDonnell,  Bureau  of  Chemistry 
Average 


Per  cent. 
22.10 
21.91 
22.  45 
22.37 


22.07 
22.  23 
22. 26 


22.20 


Per  c<n(. 
21.  J 


21.90 
21.99 
21.69 
22.  01 

22.  01 
22.  38 
22.  38 
21.74 
21.74 
21.74 
21.90 
21.83 

2i.sc. 


21.93 


TOTAL    A  USE  NIC    OXID. 


Me! hod  I  is  a  provisional  method  and  may  be  found  in  Circular  K).  revised,  and 
also  in  Bulletin  l()7,  revised,  ol  the  Bureau  of  chemistry,  page  28.    Method  II  may 

be  found   in  Circular   10,  revised.      Method    111    is   Davidson's    modification  of    Hay- 
wood-.- method  for  removing  a  part  of  the  coloring  matter  and  may  he  found  in  Bulle- 
tin 107.  revised,  where  it  is  designated  as  Method  II,  Provisional  (p,  29). 
Method  I  V  is  thai  proposed  by  the  referee  and  is  as  follows: 

Place  2  grams  of  the  sample  in  i  200  cc  graduated  (lask,  add  5  cc  of  concentrated 
nitric  acid  and  20  cc  of  concentrated  sulphuric  acid.     Place  on  a  hoi  plate  or  over  low 

flame  and  heal  nearly  to  boiling;  after  ten  or  fifteen  minutes  add  powdered  sodium 
nitrate,  in  small  quantities  at  a  time,  until  all  organic  matter  is  destroyed  and  the 
solution  is  colorless.     Cool,  add  ahout  50  cc  of  water  (to  decompose  any  nitro-sul- 
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phiiric  acid  formed),  and  heat  to  boiling  till  nitric  acid  fumes  are  all  expelled.  Cool, 
make  up  to  mark  with  distilled  water,  mix  thoroughly,  filter  through  a  dry  filter  and 
take  50  cc  of  the  filtrate  (0.5  gram)  for  the  determination  of  arsenic  oxid.  Transfer 
this  50  cc  portion  to  a  400  cc  Erlenmeyer  flask,  dilute  to  about  100  cc  with  water,  add 
2  to  3  grams  of  potassium  iodid  and  5  cc  of  concentrated  sulphuric  acid,  heat  to  boiling 
and  evaporate  to  about  40  cc.  Cool,  dilute  to  150  cc  to  200  cc  and  add  approximately 
tenth-normal  sodium  thiosulphate  just  to  disappearance  of  color  caused  by  the  free 
iodin.  In  case  the  solution  is  slightly  colored  from  iron  or  incomplete  oxidation  of 
the  organic  matter,  add  the  thiosulphate  until  nearly  colorless,  then  add  a  few  drops 
of  starch  paste  and  continue  adding  the  thiosulphate  slowly  until  the  blue  color  just- 
disappears.  The  exact  end  point  can  easily  be  obtained  in  this  way.  Neutralize 
immediately  with  sodium  carbonate,  make  slightly  acid  with  dilute  sulphuric  acid, 
and  when  all  lumps  of  sodium  carbonate  are  dissolved  add  sodium  bicarbonate  in  con- 
siderable excess.  Titrate  with  twentieth-normal  iodin  solution  in  the  usual  way, 
using  starch  solution  as  indicator.  Subtracting  from  this  the  number  of  cubic  centi- 
meters of  iodin  solution  corresponding  to  arsenious  oxid  as  determined  by  Method  I, 
gives  the  number  of  cubic  centimeters  of  iodin  solution  corresponding  to  the  arsenic 
oxid  (As205)  in  0.5  gram  of  the  sample. 

Total  arsenic  oxid  (As205). 


Analyst. 

Method  I. 

Method  II. 

Method  HI. 

Method  IV. 

Per  cent. 

18.69 

/          17. 53 
\          17.50 

Per  cent. 
18.76 

Per  cent. 
J          18. 55 
\          18. 55 
15.64 
15.56 
{          15. 83 
15.55 
15.95 
15.15 
15.50 
15.75 
15.79 
15.15 
17.74 
18.04 
17.90 

Per  cent. 
18.63 

19.01 
18.29 

R.  W.  Thatcher,  Pullman,  Wash 

C.  D.  Woods,  Orono,  Me 

f          19. 34 
\          19. 73 
[          19. 52 

18.29 

18.23 
18.42 

19.29 
19.42 

19.30 

COMMENTS    OF   ANALYSTS    AND    DISCUSSION. 

E.  J.  Davidson:  There  is  no  great  difficulty  in  working  the  London  purple  by  Method 
IV  for  arsenic  oxid.  It  is  perhaps  a  little  more  troublesome  and  you  have  to  use 
another  method  for  getting  the  arsenious  oxid.  I  believe  Method  III,  provided  it 
gives  satisfactory  results,  is  the  simplest  method,  both  determinations  being  made 
from  the  same  weighed  sample. 

R.  W.  Thatcher:  Davidson's  modification  (Method  III)  makes  the  end  point  some- 
what easier  to  determine.  The  modification  suggested  by  the  referee  does  not  seem 
to  me  to  offer  any  advantage  over  the  official  method,  since  the  yellow  color  left  after 
oxidation  with  nitrate  mixture  obscures  the  end  reaction  as  badly  as  does  the  original 
color  and  has  the  disadvantage  of  requiring  a  separately  weighed  sample  for  the  deter- 
mination of  the  arsenic  in  arsenious  form. 

C.  D.  Woods:  I  would  emphasize  the  fact  and  recommend  that  it  be  included  in 
directions  for  insecticide  work,  that  this  kind  of  work  is  difficult  for  a  beginner  and 
that  several  preliminary  determinations  should  be  run  before  a  man  new  to  this  work 
attempts  to  report  results. 

As  has  been  the  case  in  previous  years,  the  results  on  arsenic  oxid  are  very  unsatis- 
factory, there  being  a  difference  of  over  4  per  cent  between  the  highest  and  lowest 
determinations  by  Methods  I  and  III,  and  over  2  per  cent  difference  by  the  same 
method  by  different  analysts.  Methods  II  and  III  give  lower  results  than  Method  I, 
but  there  does  not  appear  to  be  any  uniformity  in  the  amount  that  these  methods 
fall  short,  the  determinations  made  by  different  analysts  and  even  those  by  the  same 
analyst  at  different  times  sometimes  agreeing  with  those  made  by  Method  I  and  at 
others  showing  a  variation  of  several  per  cent.  Why  this  is  so  has  not  as  yet  been 
determined,  but  is  under  investigation.     It  is  the  referee's  opinion  that  on  precipi- 


108 

tating  the  coloring  matter  with  sodium  carbonate  a  varying  amount  of  arsenic  is 
carried  down  in  the  precipitate. 

The  determinations  made  by  Method  IV,  while  not  agreeing  as  closely  as  might  be 
desired,  are  close  enough  to  justify  a  more  extended  trial  of  the  method  in  the  hands 
of  different  analysts.  The  writer  has  found  it  very  satisfactory  and,  when  properly 
carried  out,  a  perfectly  clear  solution  can  almost  always  be  obtained.  Of  course  it  is 
desirable  to  be  able  to  determine  both  forms  of  arsenic  on  the  same  solution,  but  if 
it  is  found  that  this  can  not  be  done  accurately  this  objection  to  the  method  becomes 
of  minor  importance. 

Lead  Arsenate. 

The  methods  used  for  lead  arsenate  were  proposed  by  Haywood  at  the  meeting  of 
the  association  in  1906  and  were  tried  last  year.  They  may  be  found  in  Bureau  of 
Chemistry  Bulletin  105,  page  165;  also  Bulletin  107,  revised,  page  239. 

The  sample  sent  out  for  the  work  was  made  by  the  referee  from  C.  P.  di-sodium 
arsenate  and  lead  acetate. 

Lead  arsenate. 


Analyst. 


Moisture. 


R.  J.  Davidson,  Blacksburg,  Va.. 
R.  W.  Thatcher,  Pullman,  Wash. 


Per  cent. 


0.11 
.12 


Total 
arsenic 

oxid 
(AssOs). 


C.  I).  Woods,  Orono,  Me. 


('.  ('.  McDonnell.  Bureau  of  Chemistry 


.14 
.17 
.14 


Per  ctnt. 
30.07 
30.07 
30.14 
29.97 
30.39 
30.24 
29.63 
29.  SI 
29.95 
30.22 
30. 22 
30.22 
29.47 
29.80 

29.83 
29.  GO 


Total  lead 
oxid  (PbO). 


Ptr  ctnt. 


68.  38 

OS.  48 
a  00.  31 
05.70 
05.70 
00.22 
00.  14 
05.94 
05.85 
66.58 
07.55 
07. 35 
07.57 
07.58 


05.  96 
05.  00 
00.00 
67.  54 

■ 
07.17 
00.  95 
07.  32 
67.38 
67.  40 
07.55 
07.10 


a  Porcelain  gooch  used  in  all  determinations  of  lead  oxid. 


DISCUSSION. 

C.  D.  Woods  states  that  in  the  determination  of  total  arsenic  oxid  it  was  not  found 
necessary  to  add  thiosulphate  to  use  up  free  iodin  because  if  care  is  used  in  boiling 
solution  a  colorless  point  is  easily  obtained. 

The  results  on  lead  arsenate  are  not  so  uniform  as  might  be  desired,  particularly  on 
total  lead  oxid.  However,  the  difference  between  the  highest  and  lowest  determina- 
lidii  of  arsenic  oxid  is  only  3  per  cent  of  the  total  amount  present  and  for  lead  oxid  5 
percent  of  the  total  amount  present.  The  method  is  certainly  the  best  that  has  thus 
far  been  proposed  and  if  carefully  followed  good  results  should  be  obtained. 

Soda    I.vk. 

Method  I.  This  is  the  precipitation  method,  and  may  be  found  in  circular  10, 
revised,  page 8,  and  Bulletin  L07,  revised,  page  31. 

Method  11.  'ilii-  us  the  same  as  Method  I  except  that  the  titration  for  hydroxid 
i-  made  withoul  removing  the  barium  carbonate  precipitate. 

The  acid  potassium  sulphate  method  was  not  submitted  for  trial,  as  satisfactory 
results  had  not  been  obtained  by  it  in  previous  years  and  the  association  \oted  that 

it  be  dropped,  as  recommended  by  the  referee  in  1*>(>7. 
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As  it  was  desired  to  send  out  samples  containing  considerable  carbonate,  and  such 
were  not  at  hand  they  were  prepared  as  follows:  The  sample  bottle  was  weighed  and 
into  this  was  weighed  2  grams  dry  sodium  carbonate  C.  P.  then,  as  rapidly  as  possible, 
18  grams  of  commercial  sodium  hydrate.     The  bottles  were  then  stoppered  and  sealed. 

The  analyst  was  directed  to  dissolve  the  entire  content  of  the  bottle  in  carbon 
dioxid-free  water,  make  up  to  2,000  cc  and  use  50  cc  portions  for  the  titrations  (0.5 
gram  sample).  The  results  submitted  have  been  multiplied  by  two  and  reported  in 
per  cent  in  the  following  table: 

Soda  lye. 


Method  I. 

Method  II. 

Analyst. 

Sodium 
hydroxid 
(NaOH). 

Sodium 
carbonate 
(Na2C03). 

Sodium 
hydroxid 
(NaOH). 

Sodium 
carbonate 
(Na2C03). 

Per  cent. 
84.40 
f          83.36 
\          83. 76 
/          84. 72 
I          84. 72 

Per  cent. 
13.25 
14.92 
14.40 
11.80 
11.80 

Per  cent. 
84.80 
83.68 
83.52 
84.92 
84.92 

Per  cent. 
12.72 

R.  W.  Thatcher,  Pullman,  Wash 

14.50 

14.74 
11.54 

11.54 

84.19 

13.23 

84.37 

13. 07 

The  results  on  sodium  hydroxid  are  very  good.  As  expected,  Method  II  gives 
slightly  higher  results  for  hydroxid  and  lower  on  carbonate  than  Method  I.  The 
difference,  however,  is  small.  The  referee  determined  carbon  dioxid  in  a  portion  of 
the  sample  gravimetrically  and  found  11.62  per  cent  and  11.71  per  cent  calculated  as 
sodium  carbonate. 

Using  these  two  indicators  in  the  same  determination,  as  is  done  in  this  method,  the 
tendency  would  always  be  to  high  results  on  sodium  carbonate.  Phenolphthalein, 
being  more  sensitive  to  acids,  becomes  colorless  immediately  when  the  solution  is 
neutral,  while  with  methyl-orange  the  acid  must  be  in  slight  excess  to  develop  the 
pink  color,  the  excess  required  depending  on  the  amount  of  indicator  used  and  the 
depth  of  color  titrated  to.  A  blank  should  be  made,  using  the  same  amount  of  water 
and  indicator,  and  deducted  in  each  case  when  methyl-orange  is  used.  For  the 
determinations  in  the  second  report  in  the  table  the  analyst  used  normal  acid.  This 
may  account  for  the  results  in  sodium  carbonate  being  high,  as  0.1  cc  normal  acid  is 
equivalent  to  over  1  per  cent  sodium  carbonate,  when  operating  on  0.5  gram  of  sub- 
stance. 

Formaldehyde. 

Two  samples  were  sent  out  for  analysis,  No.  1,  a  strong  solution  to  be  worked  by  the 
modified  hydrogen  peroxid  method,  and  No.  2,  a  dilute  solution  to  be  worked  by  the 
cyanid  method,  both  found  in  Bulletin  107,  revised,  page  33. 

Formaldehyde. 


Analyst. 


Sample 

No.  1. 

Method  I. 


Sample 

No.  2. 

Method  II. 


R.  J.  Davidson,  Blacksburg,  Va 

R.  W.  Thatcher,  Pullman,  Wash 

C.  C.  McDonnell,  Bureau  of  Chemistry 

Average 


Per  cent. 

36.81 
36.71 

36.  64 
36.46 

37.00 
36.93 


Per  cent. 
3.92 
3.98 
3.92 
3.83 
3.70 
3.98 
3.84 
4.02 
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COMMENTS    AND    DISCUSSION. 

R.  J.  Davidson  says:  "I  believe  it  would  be  -well  to  state  the  amount  of  dilution 
necessary  in  Method  II  and  not  say.  as  the  method  does,  'a  weighed  quantity  of  the 
dilute  formaldehyde  solution.'     The  directions  should  be  more  specific." 

The  results  on  formaldehyde  are  very  good.  Method  I  is  an  excellent  method  for 
strong  solutions,  and  Method  II  for  dilute  solutions,  containing  preferably  not  over  5 
per  cent.  Even  solutions  of  the  latter  strength  must  be  diluted  before  making  the 
determinations. 

The  referee  is  in  favor  of  the  recommendation  made  last  year  and  referred  to  again 
in  Mr.  Davidson's  report,  that  more  specific  directions  should  be  given  this  method. 
If.  instead  of  the  words  "a  weighed  quantity  of  the  dilute  formaldehyde  solution," 
line  8,  the  following  were  inserted,  "a  weighed  quantity  of  the  forn aldehyde  solution 
containing  not  over  2  cc  of  a  1  per  cent  solution  or  the  equivalent.'  it  would  make  the 
method  clearer  and  sufficiently  explicit. 

Sulphur  Dips. 

The  method  is  that  of  Avery  and  is  given  in  Circular  10.  revised,  also  Bulletin  107. 
revised,  page  3-1  The  sample  submitted  for  analysis  was  prepared  in  the  laboratory 
by  boiling  together  lime  and  sulphur  according  to  the  regular  formula  for  the  lime" 
sulphur  spray  mixture. 

Sulphur  dips. 


Analvst. 


Date  of  Weight  of 

analysis.  sulphur. 


1908.  Gramfxrcc. 

0. 034.52 

R.  J.  Davidson,  Blacksburg.  Va Vugust  IS •  .0345o 


I 
| 

R.  W.  Thatcher,  Pullman,  Wash Julv  9 { 

I  .03690 

I 

C.  C.  McDonnell.  Bureau  of  Chcmistrv Julv  20 [ 

.  03.575 


Average .  03568 


The  results  are  all  very  close,  the  greatest  difference  being  only  0.25  per  cent.  This 
method  has  also  given  satisfactory  results  in  past  years. 

In  view  of  the  fact  that  this  report  was  not  presented  at  the  meeting  of  the  associa- 
tion, no  recommendations  will  be  made  at  this  time. 


PRESIDENT    SNYDER'S    ADDRESS:    THE    TRAINING  OF  THE 
AGRICULTURAL  CHEMIST. 

I  have  -  -  the  subject  of  the  president's  address  for  this,  the  twenty-fifth 

annual  convention  of  the  Association  of  Official  Agricultural  Chemists,  "The  Training 
of  the  Agricultural  Chemist." 

Any  society  or  organization  in  order  to  be  effectual  and  progressive  must  look  well 
to  its  membership.  Our  society  has  been  most  fortunate  in  this  respect,  and  it  i-  to 
be  hoped  its  ranks  will  continue  to  be  filled  with  the  same  class  of  earnest,  em  rj 
workers  as  are  here  to-day.  During  the  past  quarter  of  a  century  this  organization 
has  accomplished  most  excellent  results.  I  believe,  however,  that  it  has  only  entered 
upon  its  can-cr  of  usefulness.  Much  credit  is  due  to  the  founders  for  the  high  ideals 
of  the  association  and  for  the  cultivation  of  the  true  scientific  spirit.     Many  <>f  then 
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received  their  training  in  the  great  European  laboratories,  where  they  were  students 
of  Liebig,  Fresenius,  Voit,  Hoffman,  and  Pasteur,  and  they  have  planted  in  this 
country  the  seed  of  true  agricultural  research.  Most  of  the  older  members  have 
relinquished  their  labors,  and  the  work  of  the  society  may  now  be  said  to  be  in  the 
hands  of  the  second  generation,  who,  it  is  hoped,  will  meet  with  as  much  success  and 
foster  the  same  spirit  and  ideals. 

Originally  agricultural  chemists  were  in  a  way  self-educated.  They  secured  what 
knowledge  they  could  of  general  and  analytical  chemistry  and  then  applied  it  to  the 
solution  of  agricultural  problems.  Naturally  the  work  was  largely  analytical .  ' '  What 
does  this  substance  contain?  "  was  and  is  to-day  the  quest  of  the  chemist.  During  the 
past  few  years,  however,  the  domains  of  agricultural  chemistry  have  been  greatly 
enlarged  and  there  is  probably  now  no  other  branch  of  chemistry  that  calls  for  so  wide 
a  training.  Organic,  inorganic,  industrial,  physical,  physiological,  and  sanitary 
chemists  have  definite  channels  within  which  their  activities  are  confined,  while  the 
agricultural  chemist  must  necessarily  include  in  his  domain  a  large  portion  of  all  of 
these.  In  dealing  with  the  soil  an  extended  knowledge  of  both  inorganic  and  organic 
chemistry  as  well  as  of  physical  chemistry  is  requisite.  Our  knowledge  of  soils  is 
necessarily  much  restricted  because  the  chemistry  of  the  silicates  is  so  imperfectly 
understood,  and  so  in  the  analysis  of  plant  and  animal  substances  and  the  interpreta- 
tion of  the  results  our  knowledge  is  likewise  very  limited.  While  the  data  gained 
from  the  analysis  of  foodstuffs  is  exceedingly  valuable,  I  do  not  believe  that  it  is  as 
much  so  as  it  is  destined  to  be,  and  while  chemistry  is  one  of  the  most  useful  of  the 
sciences  in  the  study  of  agricultural  problems,  it  is  capable  of  being  made  still  more 
valuable  and  useful. 

One  of  the  chief  functions  of  the  agricultural  chemist  is  to  correctly  analyze  agri- 
cultural products.  In  order  to  do  this  methods  of  analysis  based  upon  rational  prin- 
ciples must  be  devised,  and  this  is  one  of  the  principal  features  of  the  work  of  this 
association.  It  is  scarcely  necessary  for  me  to  dwell  upon  its  importance.  Correct 
methods  of  analysis  are  essential,  as  without  these  chemistry  would  be  entitled  to  no 
higher  rank  than  alchemy.  I  do  not  believe  that  the  importance  of  the  development 
of  correct  methods  for  the  analysis  of  agricultural  products  is  as  fully  appreciated  by 
experiment  station  workers  as  it  should  be.  A  large  amount  of  the  work  that  has  been 
done  is  destined  to  be  discredited  and  discarded  because  of  errors  in  methods  employed. 
Some  of  our  experiment  stations  have  been  too  impatient  to  secure  immediate  results 
and  have  not  paid  sufficient  attention  to  methods  of  investigation.  The  study  of  the 
methods  for  analysis  of  foods  and  agricultural  products  can  well  be  continued  as  the 
most  prominent  feature  of  this  organization. 

With  the  advance  that  is  being  made  in  general  science  and  the  greater  recognition 
given  agriculture,  more  extended  provision  should  be  made  for  the  education  and 
training  of  the  prospective  agricultural  chemist.  There  are  many  institutions  that 
offer  excellent  four-year  courses  in  chemical  engineering  and  other  branches  of  chem- 
istry leading  to  degrees.  I  know  of  no  American  institution  where  such  a  course  is 
given  in  agricultural  chemistry.  Has  not  the  time  arrived  for  the  establishment,  in 
some  of  our  institutions  of  courses  of  study  having  for  their  object  the  training  of  agri- 
cultural chemists?  Certainly  the  importance  and  magnitude  of  the  field  would  sug- 
gest the  need  of  such  courses.  I  shall  not  discuss  the  subjects  that  could  most 
consistently  form  a  part  of  the  curriculum,  but  there  should  be  a  correlation  of  the 
different  sciences  blended  with  general  and  technical  chemistry.  As  matters  now 
stand,  it  is  generally  necessary  for  an  experiment  station  to  secure  as  assistants 
young  chemists  who  have  had  but  little  training  in  analytical  chemistry  and  give 
them  special  training  in  agricultural  analysis.  The  experiment  stations  have  to 
train  their  own  assistants  and  by  the  time  they  have  become  reasonably  proficient 
another  institution  or  some  industry  offers  a  higher  salary  and  then  new  assistants 
must  be  initiated,  the  process  in  some  cases  being  repeated  several  times  a  year.     Our 
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research  work  suffers  because  of  this  condition.  Experiments  are  undertaken  with 
one  corps  of  assistants,  a  part  of  the  work  is  done  by  another,  and  if  the  investigation 
is  completed  at  all  it  is  after  many  changes  have  been  made.  If  some  of  our  larger 
institutions  would  furnish  more  extended  training  in  agricultural  chemistry  and  better 
remuneration  were  given  assistants  so  as  to  retain  their  services,  conditions  would  be 
greatly  improved.  I  do  not  consider  that  this  lack  of  training  of  assistants  is  neces- 
sarily the  fault  of  agricultural  colleges,  as  their  courses  of  study  have  been  formu- 
lated with  other  objects  in  view  than  the  training  of  scientists  for  research  work. 
There  are  many  interesting  problems  in  agricultural  chemistry  which  await  Investi- 
gation, and  their  correct  solution  would  be  of  great  benefit  to  mankind.  The  field  of 
research  is  so  large  that  this  association  can  consistently  encourage  a  larger  number 
of  workers. 

In  addition  to  the  special  technical  training  the  agricultural  chemist  needs  broad 
equipment  in  other  lines  so  that  he  may  be  able  to  inaugurate  useful  lines  of  research 
and  properly  interpret  his  results.  There  are  many  chemists  who  are  capable  of 
making  accurate  and  rapid  analyses  and  prosecuting  routine  work,  but  are  Unable  to 
outline  an  investigation,  plan  intricate  details,  carry  the  work  to  a  satisfactory  con- 
clusion, and  correctly  interpret  the  results.  There  need  bo  no  fear  of  overcrowding 
in  the  realm  of  agricultural  chemistry  or  necessity  for  forming  a  trade  union  to  regulate 
the  number  practicing  the  profession.  In  this  connection  it  is  pleasing  to  note  the 
greater  recognition  that  is  being  given  the  agricultural  chemist.  About  a  decade  ago 
the  number  of  positions  in  this  line  were  limited  and  the  compensation  exceedingly 
small.  While  neither  the  number  of  positions  nor  the  compensation  is  now  particu- 
larly large  there  has  certainly  been  a  material  increase  in  both.  For  example,  in  the 
Department  of  Agriculture  in  1897  the  maximum  salary  paid  was  $2,500  per  year  and 
the  average  to  12  chemists  was  $1,541,  while  in  1907  the  maximum  salary  was  con- 
siderably greater  and  47  chemists  received  an  average  of  nearly  $2,000.  On  the 
whole,  however,  these  salaries  are  smaller  than  are  paid  in  many  of  the  large  educa- 
tional institutions,  although  the  rate  of  increase  during  the  past  ten  years  has  been 
greater  than  in  educational  institutions,  and  if  this  continues  the  agricultural  chemist 
bids  fair  in  the  near  future  to  receive  as  large  a  compensation  as  workers  in  other 
lines  of  science.  Much  credit  is  due  to  our  present  Secretary  of  Agriculture  for  recog- 
nizing the  importance  of  agricultural  research  and  having  the  courage  to  advocate 
and  recommend  to  Congress  suitable  compensation  for  agricultural  scientists. 

The  position  of  the  agricultural  chemist  in  both  the  educational  and  business  world 
is  undergoing  transition.  He  is  being  regarded  as  a  greater  factor  in  human  and 
industrial  progress  than  heretofore  and  I  believe  that  with  each  decade  he  may  reason- 
ably expect  greater  opportunity  to  do  good  work,  coupled  with  better  compensation. 
Agricultural  chemists  have  as  a  rule  been  underpaid;  neither  have  they  been  gives 
sufficient  funds  with  which  to  prosecute  their  labors.  In  many  laboratories  hook- 
shelves  are  not  filled  as  they  should  be  and  makeshift  apparatus  is  employed  where 
better  results  could  be  secured  if  the  chemist  had  at  his  command  the  literature 
covering  the  work  of  others  upon  the  subject  which  he  is  investigating,  and  suitable 
apparatus  and  means  for  his  work.  There  has  been  many  a  scientific  surrender 
because  of  lack  of  funds  for  effectually  carrying  on  the  work. 

As  a  nation  we  have  taken  great  pride  in  the  progress  made  by  our  industries,  an 
advance  more  rapid  than  that  of  any  other  country.  This  in  a  large  measure  has 
been  due  to  the  work  of  the  American  chemist.  There  is  scarcely  an  important 
industry  but  employs  a  well-trained  chemist  and  has  a  suitably  equipped  testing 
laboratory.  The  steel,  sugar,  cement,  and  other  great  industries  are  practically 
applied  chemistry.  It  has  been  said  that  the  American  chemist  has  contributed  les.- 
than  his  (piota  to  the  ad vaneeni'mt  of  science;  he  has.  however,  contributed  his  full 
share  to  the  advancement  of  OUT  in<  lust  ties.  Instead  of  being  a  devotee  of  pure  seiene< 
he  has  advanced   the  domains  of  applied  science.     The  agricultural  chemist  should 
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concern  himself  not  only  with  the  economic  production  of  foodstuffs  but  should 
extend  his  work  along  the  lines  of  their  preparation  and  utilization.  The  production 
of  food,  while  a  very  large  and  important  subject,  has  associated  with  it  its  proper 
manufacture  and  utilization.  The  agricultural  chemist  should  take  a  broader  view 
than  that  of  mere  critic  of  the  industries;  and  there  is  some  danger  when  working 
along  special  food  lines  of  his  becoming  too  narrow  in  his  consideration  of  the  questions 
that  present  themselves.  While  adulteration  and  sophistication  in  any  form  should 
not  be  tolerated  by  the  chemist,  he  should  first  make  sure  that  it  is  adulteration,  and 
in  this  connection  there  are  destined  to  arise  questions  upon  which  scientific  men 
materially  and  honestly  differ.  I  should  not  care  to  see  all  scientists  agree  on  all 
questions,  as  this  would  be  detrimental  to  progress.  There  must  be  some  attrition, 
and  when  differences  arise  they  should  be  met  in  the  true  scientific  spirit,  each  one 
being  sure  that  the  data  and  facts  which  he  presents  are  absolutely  correct  in  every 
detail.  I  believe  the  province  of  the  chemist  is  first  doing  accurate  analytical  work. 
The  stand  which  has  been  taken  by  this  association  is  a  most  excellent  one:  That 
the  meetings  shall  be  open  for  discussion,  that  we  invite  thorough  discussion  of  all 
subjects  relating  to  the  analysis  of  our  agricultural  products  and  the  interpretation 
of  then  results,  but  that  the  views  expressed  by  any  one  individual  are  not  necessarily 
the  official  views  of  the  association.  In  controversial  questions  it  is  well  for  the 
society  to  be  conservative.  We  all  recall  the  attempt  of  the  French  Academy  of 
Science  to  settle  the  much- vexed  question  of  atmospheric  nitrogen  as  a  source  of  plant 
food,  and  how,  after  examining  the  conflicting  reports  of  Ville  and  Boussingault,  the 
learned  committee  of  the  society  reported  that  M.  Ville's  conclusions  and  results 
were  consistent  with  his  experiments.  We  well  know  how  the  conflicting  work  of 
these  two  investigators  was  later  harmonized,  and  while  the  society  attempted  to 
decide  the  question  the  real  question  was  not  settled  until  years  later.  The  best 
service  this  society  can  render  the  cause  of  agriculture  is  to  continue  along  the  lines 
followed  by  the  founders,  to  improve  the  methods  of  analysis  so  that  the  work  done 
by  the  official  methods  of  the  Association  of  Official  Agricultural  Chemists  will 
command  respect  wherever  quoted. 

The  food  chemist  should  make  a  more  careful  and  extended  study  of  processes 
employed  in  the  manufacture  of  foods.  A  purely  theoretical  knowledge  of  manufactur- 
ing processes  may  lead  to  erroneous  conclusions.  Some  manufacturers  of  foods  are  doing 
more  in  the  way  of  scientific  investigation  than  are  many  of  our  universities  and  experi- 
ment stations.  The  encouragement  given  by  the  industries  for  the  investigation  of 
scientific  subjects  has  been  productive  of  fruitful  results.  Pasteur's  classical  work  on 
fermentation  was  made  possible  by  his  connection  with  the  industries.  The  agri- 
cultural chemist  needs  the  help  and  assistance  of  the  technical  chemist. 

One  of  our  great  needs  is  more  funds  with  which  to  prosecute  scientific  inquiry.  Men 
of  science  have  the  zeal  and  ability,  but  often  fail  for  lack  of  funds  to  procure  and  con- 
struct scientific  apparatus.  And  too  often  men  in  our  universities  who  are  specially 
adapted  by  nature  for  the  prosecution  of  scientific  investigations  are  overburdened 
with  elementary  instruction  that  could  be  more  efficiently  done  by  others.  Many 
scientists  attempt  to  do  too  much,  and  the  result  is  a  dissipation  of  energy. 

Scientific  work  often  suffers,  too,  because  of  the  natural  modesty  of  scientists,  and 
sometimes  those  who  accomplish  the  least  but  make  the  most  noise,  secure  the  lion's 
share  of  the  funds  for  carrying  on  work.  Some  pseudo-scientists  resort  to  cheap  ad- 
vertising that  can  not  be  too  severely  condemned.  The  best  advertising  a  scientist 
can  do  is  the  publication  of  high-grade  scientific  work.  It  is  a  slow  but  a  sure  way  of 
building  up  a  permanent  reputation.  A  scientist  who  maintains  a  press  agency  is  not 
destined  to  make  a  premanent  record. 

Often  science  languishes  because  those  immediately  in  authority  are  not  sufficiently 
educated  or  naturally  liberal  enough  to  appreciate  her  claims  or  able  to  give  wise  and 
73673— Bull.  122—09 8 
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intelligent  direction  to  scientific  investigations.  Science  should  be  completely  seg- 
regated from  politics  as  it  is  sometimes  practiced,  and  she  should  not  be  dependent 
for  her  existence  upon  the  whims  of  the  spoilsman. 

Science  seeks  to  determine  the  truth.  True  science  will  not  tolerate  a  falsehood 
nor  perpetrate  a  fraud,  and  there  is  no  place  for  the  drone  in  the  ranks  of  science;  there 
have  been  a  few  who  have  made  some  progress  by  conjuring  with  scientific  terms, 
looking  wise,  cultivating  society,  and  catering  to  the  whims  of  those  in  temporary 
authority  and  neglecting  science.  Others  have  had  a  brief  but  precarious  existence 
as  scientific  pirates,  appropriating  to  themselves  the  work  and  results  of  others,  some- 
times of  advanced  students  and  underpaid  and  dependent  assistants.  All  true  teach- 
ers and  investigators  enjoy  having  their  assistants  and  students  do  good  work  and 
secure  noteworthy  results.  A  true  scientist  can  honestly  rejoice  at  seeing  his  col- 
league or  coworker  make  a  discovery.     Petty  jealousies  are  unworthy  of  science. 

Agricultural  chemistry  is  a  great  constructive  agency  and  wealth  producer.  ^Ye 
are  building  our  science  for  review  by  future  generations.  Let  us  build  it  well  so  as 
not  to  be  ashamed  of  the  workmanship.  The  true  scientist  bequeaths  to  mankind  an 
invaluable  legacy.     Let  us  cultivate  true  science  and  not  false  ideals. 

The  proposed  changes  in  the  constitution,  winch  had  been  made 
special  order  following  the  president's  address,  were  considered. 
These  changes  were  as  follows: 

In  article  1,  first  sentence,  substitute  for  the  words  "  the  United  State?."  the 
words  "North  America." 

In  article  2,  first  sentence,  second  and  third  lines,  insert  the  word  "provincial" 
after  the  word  "State;"  also,  in  the  third  line  of  this  sentence  insert  after  the  word 
"body"  the  phrase  "in  North  America." 

After  discussion,  the  amendments  were  put  to  a  vote  and  were 
carried. 

A  motion  was  made  by  Mr.  Wiley  to  the  effect  that  a  referee  and 
an  associate  referee  on  water  analysis  be  appointed  to  study  mineral, 
sanitary,  irrigation,  and  technical  waters,  inasmuch  as,  under  the 
food  and  drugs  act,  standard  methods  for  potable  waters  were 
needed  as  well  as  for  foods,  while  the  analysis  of  irrigation  waters 
was  a  purely  agricultural  question  and  also  needed  study  and  elabo- 
ration. 

The  motion  that  such  referees  be  appointed  was  carried. 

FRIDAY— AFTERNOON  SESSION. 

REPORT    ON    SOILS. 

By  S.  D.  Avi:iaiT,  Refi 

The  association  at  its  last  meeting  made  only  two  recommendations  affecting  the 
referee'-  work  ihis  year. 

(1)  Thai  the  modified  J.  I..  Smith  method  for  total  potassium  be  further  tested. 

(2)  Thai  the  sodium  peroxid  fusion  method  for  total  phosphorus  be  adopted 
provisional  method  of  this  association  and  he  further  tested. 

Including  this  year,  these  methods  have  been  before  the  association  three  year?. 

and  it  seemed  very  desirable  to  place  before  the  association  work  sufficient  in  quan- 
tity and  of  Buch  a  quality  :i-  i"  enable  ii  to  dispose  of  them.     From  his  experien 
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a  cooperator  in  the  past,  the  referee  thought  it  best  not.  to  ask  for  too  much  work,  and 
in  accordance  with  this  view  only  one  other  line  of  investigation  was  requested  of 
those  who  expressed  a  willingness  to  cooperate.  In  the  opinion  of  the  referee,  the 
sodium  peroxid  fusion  method  for  total  phosphorus  had  some  very  serious  disad- 
vantages, particularly  as  to  manipulation  and  length  of  time  required  for  the  determi- 
nation. It  was  thought  desirable  to  ask  that  a  method  in  use  in  this  laboratory  be 
tested  with  a  view  to  proposing  it  as  a  provisional  method  for  total  phosphorus  in 
soils. 

This  method,  which  may  be  known  as  the  magnesium  nitrate  method,  is  easy  of 
manipulation  and  rapid,  and  in  this  laboratory  has  given  uniformly  as  good  results 
as  the  sodium  peroxid  fusion.  Accordingly,  it  was  asked  that  these  two  methods  be 
compared. 

Two  well-known  Kentucky  soils  were  selected  for  this  work.  No.  1  is  a  cultivated 
soil  from  the  western  coal  field.  A  complete  analysis  made  by  this  station  shows  it 
to  be  poor  in  phosphates,  organic  matter,  and  nitrogen.  No.  2  is  a  virgin  soil  from 
the  Devonian  in  the  eastern  part  of  Clark  County,  known  by  analysis,  as  in  the  case  of 
No.  1,  to  be  particularly  rich  in  phosphates,  organic  matter,  and  potash. 

Samples  were  prepared  and  sent  to  fourteen  chemists,  who  volunteered  to  aid  in 
this  work,  with  the  following  instructions: 

INSTRUCTIONS. 

(a)  Make  a  determination  of  moisture  by  the  official  method,  reporting  the  per- 
centage. 

(6)  Weigh  10  grams  of  sodium  peroxid  into  an  iron  or  porcelain  crucible  and  thor- 
oughly mix  with  it  5  grams  of  the  soil.  If  the  soil  is  very  low  in  organic  matter,  add 
a  little  starch  to  hasten  the  action.  Heat  the  mixture  carefully  by  applying  the 
flame  of  a  Bunsen  burner  directly  upon  the  surface  of  the  charge  and  the  sides  of  the 
crucible  until  the  action  starts.  Cover  crucible  until  the  reaction  is  over,  and  keep 
at  a  low  red  heat  for  fifteen  minutes;  do  not  allow  fusion  to  take  place.  By  means 
of  a  large  funnel  and  a  stream  of  hot  water  transfer  the  charge  to  a  500  cc  measuring 
flask.  Acidify  with  hydrochloric  acid  and  boil.  Let  cool  and  make  up  to  the  mark. 
If  the  action  has  taken  place  properly  there  should  be  no  particles  of  undecomposed 
soil  in  the  bottom  of  the  flask.  Allow  the  silica  to  settle  and  draw  off  200  cc  of  the 
clear  solution. 

Precipitate  the  iron,  alumina,  and  phosphorus  with  ammonium  hydroxid;  filter, 
wash,  return  the  precipitate  to  the  beaker  with  a  stream  of  water,  holding  the  funnel 
over  the  beaker,  and  dissolve  the  precipitate  in  hot  hydrochloric  acid,  pouring  the 
acid  upon  the  filter  to  dissolve  any  precipitate  remaining.  Evaporate  the  solution 
and  washings  to  complete  dryness  on  the  water  bath.  Take  up  with  dilute  hydro- 
chloric acid,  heating  if  necessary,  and  filter  out  the  silica.  Evaporate  filtrate  and 
washings  to  about  10  cc,  add  2  cc  of  concentrated  nitric  acid,  and  just  neutralize  with 
ammonium  hydroxid.  Clear  up  with  nitric  acid,  avoiding  an  excess.  Heat  from  40° 
to  50°  on  water  bath,  add  15  cc  of  molybdic  solution,  keeping  at  this  temperature 
for  from  one  to  two  hours.  Let  stand  overnight,  filter,  and  wash  free  of  acid  with 
0.1  per  cent  solution  of  ammonium  nitrate;  finally,  once  or  twice  with  cold  water. 
Transfer  filter  to  beaker  and  dissolve  in  standard  potassium  hydroxid  (1  cc  equal  to 
0.2  mg  of  phosphorus),  titrate  the  excess  of  potassium  hydroxid  with  standard  nitric 
acid,  using  phenolphthalein  as  indicator. 

(c)  Weigh  into  a  50  cc  porcelain  dish  5  grams  of  soil.  Moisten  with  5  to  7cc  of 
magnesium  nitrate  solution  ( (g)  p.  2,  Bui.  107,  Bureau  of  Chemistry).  Bring  to 
dryness  on  water  bath,  burn  off  the  organic  matter  at  low  redness;  when  cool,  moisten 
slightly  with  water,  add  10  cc  of  concentrated  hydrochloric  acid,  digest  two  hours 
on  water  bath,  keeping  the  dish  covered  with  a  watch  glass;  stir  up  two  or  three 
times  during  digestion. 

Make  up  to  250  cc,  mix  well  and  throw  on  a  dry  folded  filter,  pouring  back  on  the 
filter  till  the  solution  runs  through  clear.  Take  aliquots  corresponding  to  2  or  4 
grams  (4  grams  in  No.  1,  2  grams  in  No.  2),  depending  upon  the  amount  of  phos- 
phorus present.  Bring  to  dryness,  take  up  with  hydrochloric  acid  and  water,  filtering 
over  pump.  Filtrate  and  washings  should  not  exceed  30  or  40  cc.  Make  alkaline 
with  ammonia,  and  dissolve  the  precipitate  with  concentrated  nitric  acid,  using  a 
slight  excess.  Add  gradually,  while  shaking,  5  to  15  cc  molybdate  solution  (p.  2, 
Bui,  107).    After  standing  a  minute  or  two  add  15  cc  of  ammonium  nitrate  (p.  2, 
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Bui.  107),  shaking  thoroughly.  The  solution  should  be  kept  at  40°  or  50°  C.  for 
an  hour,  then  let  stand  overnight  at  the  room  temperature,  filter,  and  wash  well 
with  cold  water.  A  Hirsch  funnel  with  a  double  qualitative  filter,  S  and  S  No.  597, 
cut  to  fit.  and  well  pressed  down  around  the  edge  with  the  finger  after  wetting  and 
putting  on  pressure,  is  recommended.  Put  filter  and  precipitate  back  into  the  same 
flask,  usm?  as  little  water  as  possible  for  washing  back  into  flask.  Determine  phos- 
phorus volumetrically.  using  standard  potassium  hydroxid  and  nitric  acid. 

(d)  Fuse  1  gram  of  soil  according  to  the  well  known  J.  Lawrence  Smith  method. 
Transfer  the  fused  mass  to  a  porcelain  dish,  slake  with  hot  water,  grind  finely  with 
an  a -.rate  pestle,  and  transfer  to  a  filter.  After  washing  free  of  chlorids,  concentrate 
the  filtrate  and  washings  in  a  Jena  beaker  to  about  20  cc.  and  filter.  Slightly  acidify 
the  filtrate  and  washings  with  hydrochloric  acid,  concentrate  in  a  platinum  dish, 
add  1.5  cc  of  a  platinic  chlorid  solution  1 10  cc  contains  lgram  of  platinum  i.  Evapo- 
rate to  a  sirupy  consistency,  as  usual,  and  wash  with  SO  percent  alcohol  and  ammonium 
chlorid  solution. 

(e)  Determine  potassium  according  to  the  regular  J.  Lawrence  Smith  methods 

The  referee  inclosed  with  his  instructions  to  those  who  expressed  a  willingness 
to  cooperate  in  the  work  a  short  personal  letter,  and  had  hoped  that  each  one  would 
contribute  something  to  this  report,  but  unfortunately,  as  it  often  happens,  many 
were  not  able  to  send  in  results  in  time  for  use.  The  referee  desires  to  express  his 
thanks  to  the  following  chemists  who  have  aided  him  in  the  work:  A.  W.  Gregory,  for 
the  Illinois  station:  W.  P.  Kelly,  for  the  Hawaii  station:  P.  E.  Brown,  for  the  New 
Jersey  station;  G.  S.  Fraps.  forthe  Texas  station;  W.  B.  Ellen,  for  the  Virginia  station; 
I.  O.  Schaub,  for  the  Iowa  station:  and  P.  F.  Trowbridge,  for  the  Missouri  station. 

It  will  be  seen  from  Table  1  that  the  results  obtained  by  the  sodium  peroxid  fusion 
and  the  magnesium  nitrate  method  show  practically  no  difference.  One  chemist 
gets  results  in  Soil  II  somewhat  higher  than  the  others,  but  the  amounts  of  phos- 
phorus obtained  by  the  two  methods  on  three  determinations  are  almost  identical. 
In  Soil  I,  with  the  exception  of  one  determination,  the  maximum  and  minimum 
results  are  not  bad  duplicates. 

a  Fresenius's  Quantitative  Chemical  Analysis,  p.  426. 


117 


Table  1. — Comparison  of  sodium  peroxid  fusion  and  magnesium  nitrate  methods  for 

total  phosphorus. 

[Water-free  basis.] 


Soil  No.  I. 

Soil  No.  II. 

Analyst. 

Sodium 
peroxid. 

Magnesium 
nitrate. 

Sodium 
peroxid. 

Magnesium 
nitrate. 

A.  W.  Gregory,  Illinois 

Per  cent. 

0.029 

.028 

Per  cent. 

0.027 

.027 

Per  cent. 

0.211 

.210 

Per  cent. 
0.224 

.226 

Average 

.029 

.027 

.211 

.225 

W.  P.  Kelley,  Hawaii 

.030 
.030 
.031 

.240 

.244 

.236 

.030 

.240 

P.  E.  Brown,  New  Jersey 

.021 

.029 

.025 

•  .025 

.025 
.025 
.029 

.281 
.281 

.285 

.281 

.285 
.285 

Average 

.025 

.026 

.282 

.284 

E.  C.  Carlyle,  Texas 

.025 
.023 

.197 

.201 

Average 

.024 

.199 

I.  0.  Schaub,  Iowa  a. . . 

.025 

.213 

W.  B.  Ellett,  Virginia 

.025 
.024 

.027 
.028 

.231 
.230 

.232 

.232 

.025 

.027 

.231 

.232 

S.  D.  Averitt,  Kentucky 

.031 
.032 

.030 
.030 

.220 
.213 

.227 

.229 

Average 

.031 

.030 

.217 

.228 

P.  F.  Trowbridge,  Missouri « 

.030                .  029 

.242 

.219 

General  average 

.028 

.028 

.237 

.230 

a  Duplicates  not  reported. 

The  referee  did  not  ask  that  these  methods  be  checked  by  the  carbonate  fusion  or 
standard  method,  as  it  is  sometimes  called,  his  work  with  the  method  having  shown 
that  it  has  the  disadvantage  of  a  large  amount  of  soluble  silica}  necessitating  dehy- 
dration, and  in  the  case  of  a  soil  with  any  considerable  amount  of  organic  matter 
there  exist  favorable  conditions  for  reduction  and,  consequently,  some  loss  of 
phosphorus. 

In  Table  2  will  be  found  the  results  of  the  referee's  determination  of  total  phos- 
phorus in  the  two  soils,  working  as  follows:  Making  a  carbonate  fusion,  then  proceeding 
as  for  an  accurate  determination  of  silica,  the  silica  evaporated  with  hydrofluoric  acid, 
the  residue  taken  up  with  hot,  strong  hydrochloric  acid  and  added  to  the  filtrate 
from  the  silica.  Iron,  alumina,  and  phosphorus  precipitated  with  ammonium 
hydroxid,  washed,  redissolved,  and  the  phosphorus  determined  volumetrically,  as 
in  the  magnesium  nitrate  method. 

It  will  be  seen  from  the  table  that  in  Soil  I,  containing  very  little  organic  matter, 
the  results  compare  very  favorably  with  the  other  methods,  but  in  Soil  II,  rich  in 
organic  matter,  the  average  is  lower. 
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Table  2. — Duplicate  determinations  of  phosphorus  by  carbonate  fusion. 
[Water-free  basis.] 


Soil  I. 

Soil  II. 

Per  cent. 

0.025 

.033 

.026 

Per  cent. 

0.202 

.220 

.207 

.207 

.028 

.209 

In  Table  3  will  be  found  duplicate  determinations  of  total  phosphorus. in  soils  by 
the  magnesium  nitrate  digestion.  Of  these.  Xos.  1127,  1202,  and  1204  are  presumably 
Texas  soils,  and  the  determinations  were  made  by  Mr.  E.  C.  Carlyle,  of  the  Texas 
station.  The  others  are  low  phosphate  soils  of  western  Kentucky  and  were  made  as 
checks  in  the  general  work  of  this  laboratory. 

Table  3. — Duplicate  determinations  of  phosphorus  by  magnesium  nitrate  method. 

[Water-free  basis.] 


Soil  No. 

Determi- 

Determi- 

Soil Xo. 

Determi- 

Determi- 

nation 1. 

nation  2. 

nation  1. 

nation  2. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

13 

0.030 

0.027 

120 

0.034 

0.034 

14 

.051 

.052 

600 

.035 

.035 

15 

.046 

.040 

601 

.043 

.039 

16 

.052 

.053 

602 

.028 

.026 

117 

.046 

.045 

1127 

.029 

.027 

118 

.045 

.045 

1202 

.031 

.032 

119 

.034 

.034 

1204 

.020 

.021 

Table  4  shows  the  modified  method  to  compare  very  favorably  with  the  regular 
J.  Lawrence  Smith  method  for  total  potassium,  the  former  method  giving  in  the  gen- 
eral average  0.01  per  cent  more  potassium  in  both  soils.  Taking  into  consideration 
the  fact  that  the  work  is  done  on  1  gram  the  agreement  is  as  close  as  could  be  expected. 
Referring  to  the  work  done  by  these  methods  in  1906  and  1907,  it  will  be  seen  that 
the  results  are  in  the  main  concordant. 
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Table  4. — Comparison  of  modified  and  Smith  methods  for  total  potassium. 

[Water-free  basis.] 


Analyst. 

Soil  I. 

Soil  II. 

Modified. 

Smith. 

Modified. 

Smith. 

A 

Per  cent. 
1.156 
1.157 
1.182 
1.156 
1.158 

Per  cent. 
1.205 
1.175 
1.164 
1.208 
1.223 

Per  cent. 
1.568 
1.547 
1.566 
1.552 
1.547 

Per  cent. 
1.582 

Average 

B.  Ellett,  Virginia 

Average 

1.598 
1.594 
1.586 
1.566 

1.162 

1.195 

1.556 

1.585 

W 

1.068 
1.081 

1.183 

1.121 

1.495 
1.487 

1.564 
1.536 

1.075 

1.152 

1.491 

1.550 

S.  D.  Averitt,  Kentucky 

1.190 
1.185 
1.214 

1.162 
1.170 
1.202 

1.552 
1.546 
1.531 

1.491 
1.541 
1.565 

Average 

1.196 

1.178 

1.543 

1.532 

P.  F.  Trowbridge,  Missouri  a 

1.177 

1.186 

1.512 

c 1.357 

A.  A.  Wells,  Iowa. . : 

1.271 
1.275 

1.121 
1.134 

1.608 
1.702 

1.751 

1.760 

1.273 

1.127 

1.655 

c  1.755 

O.  M.  Shedd,  Kentucky  b 

1.511 

1.627 

1.569 



1.320 
1.440 

1.656 
1.678 

Average 

c  1.380 

1.667 

General  average 

1.177 

1.168 

1.571 

1.556 

a  Duplicates  not  reported. 


i>  Too  late  to  be  included  in  the  general  average. 


Not  included  in  the  general  average. 

Comments  of  Analysts. 

P.  E.  Brown:  The  magnesium  nitrate  method  is  undoubtedly  quicker  and  easier  of 
manipulation  than  the  peroxid  fusion  method.  It  has  the  advantage  that  there  is 
not  nearly  such  a  large  amount  of  silica  to  get  rid  of,  as  it  was  found  necessary  to  dehy- 
drate three  or  four  times  with  the  peroxid  fusion  method.  Then,  too,  in  the  first  oper- 
ation of  the  fusion  method  there  seems  to  be  an  uncertainty  of  reaction  while  avoiding 
fusion,  which  is  of  course  eliminated  in  the  other  method. 

You  will  notice  from  the  results  that  the  agreement  is  fair  with  a  tendency  for  the 
new  method  to  give  slightly  higher  results.  However,  if  the  first  determination  in 
Soil  I  by  the  fusion  method  is'eliminated,  the  agreement  is  much  better.  On  the 
whole  the  magnesium  nitrate  method  seems  to  me  to  be  undoubtedly  superior  to  the 
other. 

W.  P.  Kelley:  I  find  the  magnesium  nitrate  method  as  outlined  by  you  to  be  a  very 
simple  and  convenient  scheme  for  determining  the  phosphoric  acid  in  soils;  and  while 
I  have  not  had  an  opportunity  to  compare  this  method  with  others,  I  have  no  doubt 
that  the  results  are  reliable. 

Recommendations. 

The  work  done  this  year,  while  not  as  extensive  as  the  referee  had  wished,  still 
warrants  in  his  opinion  three  conclusions,  especially  when  it  is  remembered  that  work 
along  the  same  line  last  year  and  the  year  before  is  mainly  concordant  in  the  matter 
of  results:  First,  that  the  modified  J.  Lawrence  Smith  method  for  total  potassium 
compares  very  favorably  with  the  regular  method  and  is  somewhat  shorter;  second, 
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that  the  sodium  peroxid  fusion  method  for  total  phosphorus  gives  good  results,  but 
the  manipulation  presents  some  difficulty,  and  the  time  required  for  making  the  deter- 
minations is  a  disadvantage;  third,  that  the  magnesium  nitrate  method  gives  uni- 
formly as  good  results  for  total  phosphorus  as  the  sodium  peroxid  fusion,  and  is  quick 
and  easy  of  manipulation.  With  these  facts  in  view,  the  referee  would  make  the 
following  recommendations: 

(1)  That  the  modified  J.  L.  Smith  method  for  total  potassium  be  adopted  as  an 
optional  method  of  this  association. 

(2)  That  the  sodium  peroxid  fusion  for  total  phosphorus  be  adopted  as  an  official 
method. 

(3)  That  the  magnesium  nitrate  method  for  total  phosphorus  be  adopted  as  a  pro- 
visional method  of  this  association  and  be  further  tested. 


REPORT  ON   THE    DETERMINATION    OF  CALCIUM   CARBONATE   IN 

SOILS. 

By  Jacob  G.  Lipmax,  Associate  Referee . 

Systematic  determinations  of  calcium  carbonate  in  cultivated  soils  seem  highly 
desirable  in  view  of  its  important  functions  in  crop  production.  Unfortunately,  there 
is  no  unanimity  of  opinion  among  chemists  as  to  the  methods  best  adapted  for  this 
work.  "When  the  proportion  of  calcium  and  magnesium  carbonates  exceeds  1  per 
cent,  fairly  accurate  determinations  may  be  made  by  the  liberation  of  carbon  dio'xid 
and  its  absorption  and  weighing  in  potash  solutions.  But  when  the  proportion  of 
carbonate  is  small,  as  is  true  of  so  many  of  our  soils,  the  quantity  of  carbon  dioxid 
which  remains  in  solution  in  the  acid  is  very  large  in  proportion  to  its  entire  amount. 
This  source  of  error  has  frequently  been  commented  upon  and  has  led  to  several 
more  or  less  successful  attempts  to  correct  it.« 

The  associate  referee  on  soils  thought  it  advisable,  therefore,  to  outline  some  cooper- 
ative work  on  one  or  two  promising  methods  for  the  determination  of  carbonates  in 
soils.  Samples  of  two  different  soils  were  sent  to  eleven  members  of  the  association 
who  had  signified  their  willingness  to  cooperate  in  the  testing  of  soil-analytical  meth- 
ods. It  was  suggested  that  determinations  of  carbonates  be  made  in  the  sample-  by 
Knorr's  method  as  described  in  Wiley's  Agricultural  Analysis.^  Where  possible,  the 
results  secured  by  Knorr's  method  were  to  be  checked  by  the  method  described  by 
Amos  in  the  Journal  of  Agricultural  Science,  c 

The  samples  were  sent  out  early  in  September,  and  analyses  were  made  and  reported 
1a  W.  11.  EUett  of  the  Virginia  station,  by  Percy  E.  Brown  of  the  New  Jersey  station, 
and  Ernest  Van  Alstine  of  the  Illinois  station.  Mr.  Van  Alsiine's  data  were  trans- 
mitted to  the  associate  referee  by  Mr.  Hopkins. 

Mr.  Ellett  and  Mr.  Brown  used  Knorr'e  apparatus  for  the  determination  of  the  car- 
bon dioxid.  Mr.  Van  Alstine  employed  the  method  regularly  used  at  the  Illinois 
station  and  consisting  of  the  liberation  of  the  carbon  dioxid  "by  boiling  with  hydro- 
chloric aeid  and  ascertaining  the  quantity  of  carbon  dioxid  evolved  by  measuring 
before  and  alter  absorption  by  a  caustic  potash  solution/'     The  results  were  as  follows: 

"  Soo  Hall  and  Mussel,  A  Method  For  Determining  Small  Quantities  of  Carbonates, 
Transactions,  J.  ('hem.  Soc,  London,  L902,  81:81. 
b  Vol.  I.  p.  338. 

cl905,  7:322. 
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Determination  of  carbon  dioxid  in  soil 
[Percentage  of  dry  soil.] 


Analyst. 

Soil  No.  1. 

Soil  No.  2. 

E.  Van  Alstine,  Illinois 

0.025 
.025 
.027 

.024 

0  020 

.020 
.020 
.020 

Average 

.025 

020 

W.  B.  Ellett,  Virginia 

.034 
.030 

022 

.025 

.032 

023 

P.  E.  Brown,  New  Jersey 

.031 
.034 

.030 

.022 

.026 
.021 

.032 

.023 

The  results  submitted  by  Ellett  and  Brown  agree  very  satisfactorily.  Those  sub- 
mitted by  Van  Alstine  are  markedly  lower,  especially  in  the  case  of  soil  No.  2.  Appar- 
ently the  amount  of  carbon  dioxid  which  remained  in  solution  in  the  latter  work  is 
the  cause  of  the  lower  results.  Evidently  Knorr's  apparatus  is  efficient  for  the  deter- 
mination of  comparatively  slight  amounts  of  carbonates;  however,  it  is  desirable  that 
further  work  be  done  along  this  line,  and  the  associate  referee  would  therefore  recom- 
mend that  it  be  continued  with  certain  modifications  for  at  least  another  year. 


REPORT    ON  POTASH. 

By  B.  B.  Ross,  Referee. 

The  work  on  potash  for  the  past  year  has  included  cooperative  tests  of  the  regular 
official  method  in  comparison  with  the  phosphomolybdic  volumetric  method,  and, 
in  addition,  the  referee,  associate  referee,  and  some  cooperating  chemists  have  made 
comparative  tests  with  some  special  methods  which  will  be  described  in  the  latter 
portion  of  this  report. 

Twenty  laboratories  expressed  a  desire  to  take  part  in  the  cooperative  work  on 
potash  samples,  but  reports  were  received  from  only  eight  laboratories. 

Two  samples  were  sent  out  for  analysis  to  each  laboratory  taking  part  in  the  work, 
sample  No.  1  being  high-grade  commercial  sulphate  of  potash,  while  sample  No.  2 
was  a  mixed  fertilizer,  the  ingredients  of  which  were  acid  phosphate,  cottonseed  meal, 
dried  blood,  potassium  chlorid,  and  a  small  amount  of  magnesium  sulphate. 

The  following  instructions  with  regard  to  the  work  were  sent  out  to  all  cooperating 
chemists,  the  details  of  the  volumetric  method  being  those  given  by  the  referee  for 
1906  and  1907,  Mr.  A.  L.  Knisely,  who  had  given  much  time  and  attention  to  a  study 
of  the  phosphomolybdic  method. 

OUTLINE    OP   ASSOCIATION   POTASH   WORK. 

Sample  No.  1.  Commercial  sulphate  of  potash. 

Sample  No.  2.  A  complete  mixed  fertilizer,  the  nitrogen  of  which  is  derived  from 
cottonseed  meal  and  dried  blood. 

Potash  in  these  samples  should  be  determined  both  by  the  official  method  and  the 
proposed  volumetric  method  involving  use  of  phosphomolybdic  acid. 
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Reagents. 

Nitric  acid. — 50  cc  of  nitric  acid  (1.40  sp.  gr.)  in  1,000  cc  of  water. 

Sodium  nitrate  icash. — 10  grams  of  sodium  nitrate  per  1,000  cc  of  water. 

Phosphomolybdic  acid  solution. — 100  grams  of  phosphomolybdic  acid  (Kahlbaum's 
preferred)  in  750  cc  of  water  and  250  cc  of  nitric  acid  (1.40  sp.  gr.).  This  solution 
must  be  freslTly  prepared — not  over  three  or  four  days  old  before  using.  If  properly 
made  the  evaporated  residue  from  a  portion  of  this  solution  is  never  white  and  readily 
redissolves  in  the  dilute  nitric  acid  solution  in  the  cold. 

Standard  solutions. — Standard  caustic  potash  and  nitric  acid  prepared  for  volu- 
metric phosphoric  acid  diluted  to  2  volumes.  One  cubic  centimeter  of  this  potassium 
hydroxid  solution  is  equal  to  0.812  mg  of  potassium  oxid. 

Determination. 

Transfer  10  cc  of  solution  to  a  platinum  dish,  add  0.25  cc  of  sulphuric  acid  (1  to  1 ). 
Evaporate  to  dryness  and  ignite  to  whiteness.  Dissolve  residue  in  hot  water  plus  a 
few  drops  of  hydrochloric  acid  and  transfer  to  a  tall  200  cc  beaker,  add  30  cc  phos- 
phomolybdic acid  solution  and  slowly  evaporate  to  complete  dryness  on  top  of  a 
steam  bath. 

It  requires  approximately  22  mg  of  phosphomolybdic  acid,  in  order  to  have  an 
excess,  for  each  milligram  of  potassium  oxid  present. 

Add  30  cc  of  nitric  acid  wash  to  the  dried  residue  and  stir  thoroughly  in  the  cold, 
with  a  grinding  motion  with  a  policeman,  allow  to  settle  a  moment  and  decant  super- 
natant liquid  at  once  through  a  gooch  crucible  packed  with  moist  filter  paper  pulp, 
approximately  one-sixteenth  inch  in  thickness.  Wash  twice  by  decantation  with 
sodium  nitrate  wash,  transfer  precipitate  to  a  gooch  and  wash  with  sodium  nitrate 
wash  until  acid  free.  Transfer  gooch  to  casserole,  run  in  excess  standard  alkali  solu- 
tion and  add  phenolphthalein.  Heat  to  boiling  and  titrate  excess  alkali  with  standard 
acid. 

Some  samples  of  asbestos  seem  to  hold  or  "fix"  some  of  the  excess  acid,  making  the 
gooch  filter  very  hard  to  wash  acid  free.  Hence  it  is  suggested  to  use  a  paper  pulp 
filter.  It  is  also  desirable  to  make  comparative  tests,  employing  the  usual  asbestos 
filter. 

If  excess  of  phosphomolybdic  acid  has  been  used,  the  dried  residue  has  a  reddish 
hue.  If  excess  has  not  been  added  the  residue  is  bright  yellow.  Residue  should  not 
appear  white. 

In  each  case,  run  blanks  to  ascertain  corrections  to  be  made  for  impurities. 

It  is  also  desired  that  in  sample  No.  1  determinations  of  potash  be  made,  not  only 
by  the  official  method  (which  provides  for  direct  evaporation  of  the  solution  without 
addition  of  ammonia  and  ammonium  oxalate),  but  also  by  the  method  applicable  to 
mixed  fertilizers,  adding  ammonia  and  ammonium  oxalate,  followed  by  evaporation 
and  subsequent  ignition  with  sulphuric  acid. 

Several  chemists  have  urged  that  this  latter  method  of  procedure  be  tried,  as  it  ir- 
claimed  that  the  official  method  for  potash  salts  gives  too  high  results  owing  to  impure 
precipitates. 

The  reports  of  results  of  cooperating  chemists  are  as  follows: 
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Potash  results  reported  by  cooperating  chemists. 


Sample  No.  1.                      Sample  No.  2. 

Analyst. 

Official 
method. 

Volu- 
metric 
method. 

Official 
method 
plus  am- 
monia 
and 
ammoni- 
um 
oxalate. 

Official 
method. 

Volu- 
metric 
method. 

E.  L.  Baker,  Geneva,  N.  Y.. 

Per  cent. 
f      51.32 
I      51.24 

Per  cent. 
51.26 
51.30 

Per  cent. 
50.16 
50.16 

Per  cent. 
4.41 
4.43 

Per  cent. 
4.89 
4  89 

4.72 

S.  E.  Asbury,  College  Station,  Tex 

51.40 

50.66 

4.  42 

E.  C.  Carlyle,  College  Station,  Tex 

/          4.65 
\          4.40 



50.60 

49.81 
49.77 
50.64 
50.62 
50.22 
50.46 
50.55 

4.44 
4.40 

50.56 

J.  H.  Mitchell,  Ciemson  College,  S.  C. . . 

50.80 

50.75 

50.71 

f      50. 82 

i      50. 84 

r""50.'68" 
J       50. 73 
1    o50.29 
[    o50.43 
51.02 

50.41 
50.60 
50.09 
50.61 
50.09 
50.09 

4.44 
4.47 
4.31 
4.35 
4.34 

4  45 

4  49 

G.  T.  Beyer,  Chicago,  111 

4.20 

Laboratory  of  Armour  &  Co 

4.45 

50.16 

4.38 
4.  42 

50.08 

0.  M.  Shedd,  Lexington,  Ky 

H.  E.  Taylor,  Chicago,  111 

58.19 
1       53.90 

61.60 
\       58. 00 

57.96 

50.28 

4.42 

4.66 

4.68 

5.01 

5.14 

4.99 

I      59. 62 



C.  R.  Bragdon,  Chicago,  111        

58.80 
.      59.11 

4.43 

4.90 

4.69 

C.  L.  Hare,  Auburn,  Ala 

f          4.30 
\          4.60 

/      51.20 
\      51.36 

51.96 
52.60 

49.80 

50.10 

4.44 
4.38 

A.  M.  Ransom  and  T.  Bragg,  Auburn,  Ala 

50.87 

50.23 

4.40 

4.21 

50. 92 

49.08 
49.00 

4.38 
4.35 

4.32 

M.  G.  Donk,  Washington,  D.  C.  b ^       ^  £ 

4.41 

4.36 

a  o.l  gram  used. 


6  Results  received  too  late  to  be  included  in  the  averages. 


Comments  by  Analysts. 

E.  L.  Baker,  Geneva,  N.  Y.:  Moist  filter  paper  pulp  was  used  in  one  of  each  set  of 
duplicates  and  a  thick  pad  of  asbestos  in  the  other,  with  no  appreciable  variation  in 
results.  In  some  cases  the  precipitate  showed  a  tendency  to  run  through  the  filter 
paper  pulp.  It  was  easier,  however,  to  wash  the  filter  paper  free  from  acid.  Cor- 
rections were  made  for  a  blank  of  0.3  cc  of  potassium  hydroxid.  Corrections  were 
also  made  for  blanks  in  the  official  method.  You  will  notice  that  in  the  case  of  the 
mixed  fertilizer  the  two  methods  differ  by  about  0.4  of  a  per  cent.  During  a  series 
of  determinations  I  was  unable  to  obtain  any  closer  agreement. 

E.  C.  Carlyle,  College  Station,  Tex.:  The  use  of  pulped  filter  paper  for  filtering  the 
phosphomolybdate  is  found  satisfactory  and  it  reduces  the  bumping  when  the  liquid 
is  heated  for  the  purpose  of  dissolving  the  potash  salt. 

G.  S.  Farnham,  Cincinnati,  Ohio:  I  regret  to  report  that  I  failed  to  get  checks  for 
the  volumetric  method. 

P.  Rudnick,  Chicago,  III.:  It  seems  from  the  results  by  the  official  method  that 
there  is  some  truth  in  the  claim  that  the  method  for  mixed  fertilizers  when  applied 
to  sulphate  of  potash  gives  somewhat  lower  results.     The  proposed  volumetric  method 
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was  given  as  thorough  a  trial  as  time  and  opportunity  permitted,  and  although  the 
results  obtained  were  not  very  satisfactory,  the  method  itself  certainly  looks  very  prom- 
ising. The  difficulties  are,  first,  the  very  small  amount  of  sample  taken;  second,  the 
extreme  proneness  of  the  precipitate  to  go  through  the  filter;  third,  the  great  difficulty 
of  removing  the  precipitate  from  the  sides  of  the  beaker  or  casserole;  fourth,  the  diffi- 
cult y  in  washing  all  the  nitric  acid  out  of  the  precipitate.  Asbestos  is  much  inferior 
to  paper  pulp  for  filtering. 

W.  D.  Richardson,  Chicago,  III.:  With  the  volumetric  method,  following  your 
directions,  we  did  not  have  very  good  success. 

0.  M.  Shedd,  Lexington,  Ky.:  From  my  work,  I  would  suggest  on  samples  similar 
to  No.  1  that  ammonium  hydroxid  and  ammonium  oxalate  be  added  as  in  the  case 
of  mixed  fertilizers,  and  that  an  aliquot  be  used  of  0.10  to  0.20  gram  and  not  over 
0.25  gram,  instead  of  0.50  gram,  for  the  smaller  potassium  platinic  chlorid  precipitate 
can  be  worked  better;  besides  it  is  my  experience  that  very  large  precipitates  carry 
down  a  greater  proportion  of  impurities. 

In  addition  to  the  above  results  Mr.  Shedd  made  determinations  in  sample  No.  1 
by  evaporating  with  sulphuric  acid,  igniting,  and  then  evaporating  with  platinic 
chlorid.     The  results  secured  were  49.75  and  49.88  per  cent. 

M.  G.  Donk,  Washington,  D.  C:  Could  get  no  satisfactory  results  on  sample  No.  1 
by  the  volumetric  method. 

E.  L.  Baker,  associate  referee,  made  additional  comparative  determinations  of 
potash  in  several  samples  of  potash  salts,  both  with  and  without  the  use  of  ammonia 
and  ammonium  oxalate,  in  making  up  the  solution,  the  results  being  as  follows: 

Comparison  of  results  obtained  with  and  without  the  use  of  ammonia  and  ammonium 

oxalate. 


Sample. 

AVith. 

Without. 

Sample.                       With.       Without. 

Per  cent, 
f      12.94 
\      12.95 
J      49.68 
\      49. 64 

Per  cent. 
13.13 
13.18 
51.20 
51.16 

Percent.    Per  cent. 

Kainit (      [f'g            £g 

Muriate  and  sulphate 

I      13.30            13.52 

Muriate                                         I      49" 12            5004 
Munate \      49.14  1          49.84 

i 

Mr.  Baker  also  reported  results  of  determinations  of  potash  in  a  number  of  samples 
by  the  sodium  cobalti-nitrite  method  first  proposed  as  a  quantitative  process  by 
Adie  and  Wood."  This  method  involved  the  use  of  sodium  cobalti-nitrite  as  a  pre- 
cipitant, and  in  the  original  process  precipitation  was  effected  in  the  presence  of  acetic 
acid  in  a  solution  which  should  contain  from  0.5  to  1  per  cent  of  potash.  Drushel  b 
has  modified  this  method  as  follows: 

The  solution  of  a  potassium  salt,  containing  not  more  than  0.2  gram  of  potassium 
oxid  and  free  from  ammonium  salt,  was  treated  with  a  rather  large  excess  of  sodium 
cobalti-nitrite  solution,  acidified  with  acetic  acid,  and  evaporated  to  a  pasty  condi- 
tion over  the  steam  bath.  It  was  then  cooled  and  treated  with  from  50  to  100  cc  of 
cold  wafer,  and  stirred  until  the  excess  of  sodium  cobalti-nitrite  was  dissolved.  It 
was  allowed  to  settle  and  was  decanted  through  a  perforated  crucible  fitted  with  an 
asbestos  felt.  The  precipitate  was  washed  two  or  three  times  by  deeanlation,  after 
which  if  was  transferred  to  the  crucible  and  thoroughly  washed  with  cold  water.  In 
the  meantime  a  measured  excess  of  standard  potassium  permanganate  was  diluted 

to  ten  times  its  volume  and  heated  nearly  to  boiling.  Into  this  the  precipitate  and 
felt  were  transferred  and  stirred,  after  which  the  crucible  was  also  put  into  the  solu- 
tion, since  particles  of  the  precipitate  Btick  persistently  to  its  sides  After  the  oxida- 
tion had   proceeded   five  or  six  minutes  manganese  hydroxid  separated  out  and  the 
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color  of  the  solution  darkened.  At  this  point  from  5  to  25  cc  of  sulphuric  acid  (1:2) 
were  added,  and  the  solution,  after  stirring,  was  allowed  to  stand  a  few  minutes.  Then 
a  measured  amount  of  standard  oxalic  acid,  containing  50  cc  of  strong  sulphuric  acid 
per  liter,  was  run  in  from  a  burette,  taking  care  to  add  an  excess.  The  temperature 
was  maintained  a  little  below  the  boiling  point  until  the  solution  became  colorless 
and  the  manganese  hydroxid  had  completely  dissolved.  It  was  then  titrated  to  color 
by  permanganate  in  the  usual  manner.  From  the  whole  amount  of  permanganate 
employed,  the  permanganate  equivalent  of  the  oxalic  acid  used  was  subtracted  and 
the  remainder  multiplied  by  the  factor  calculated  for  the  strength  of  permanganate 
used,  0.000856  being  the  factor  for  strictly  tenth-normal  potassium  permanganate. 

While  work  was  in  progress  in  the  referee's  laboratory  with  a  view  to  testing  the 
adaptability  of  the  cobalti-nitrite  methods,  letters  were  received  from  several  coop- 
erating chemists  commending  this  process  quite  strongly,  as  a  result  of  some  prelimi- 
nary work  which  had  been  done  with  it.  Mr.  A.  M.  Peter,  of  the  Kentucky  station, 
reported  that  by  the  cobalti-nitrite  method  results  of  49.89  and  49.92  per  cent  were 
obtained  by  Mr.  G.  Edgar  for  sample  No.  1,  as  against  49.82  by  the  official  method, 
while  for  sample  No.  2,  4.50  and  4.48  per  cent  of  potash  was  found,  as  against  4.41 
by  the  official  method.  Mr.  Baker  obtained  the  following  results  on  the  official  sam- 
ples by  Drushel's  modification:  No.  1,  50.24  and  50.85  per  cent;  No.  2,  4.46  and  4.31 
per  cent.  Following  are  results  reported  by  Mr.  Baker,  using  the  original  Adie  and 
Wood  method,  in  which  precipitation  is  effected  without  evaporation: 

Comparison  of  potash  determinations  by  the  original  Adie  and  Wood  cobalti-nitrite  method 
(volumetric)  and  the  official  method. 


Sample. 

Official 
method. 

Cobalti- 
nitrite 
method. 

Sample. 

Official 
method. 

Cobalti- 
nitrite 
method. 

Per  cent. 
f      53. 54 
\      53.70 
/      50. 68 
\      50. 84 
/      10. 41 
\      10. 41 
I       13.48 
1       13.52 

Per  cent. 
54.08 
54.08 
50.71 
50.71 
10.78 
10.92 
10.64 
10.71 

Per  cent. 
/      13. 13 
\      13.18 
/        4.95 
\        5.06 
I        1.28 
\        1.29 

Per  cent. 
10.14 

10.28 
4.21 

4.21 
.40 

.40 

a  The  kainits  and  mixed  fertilizers  evidently  did  not  entirely  precipitate  owing,  probably,  to  improper 
concentration. 

Conclusions. 

It  appears  from  the  result  of  this  year's  work,  that  while  some  good  results  are 
obtained  by  the  volumetric  method,  there  are  difficulties  connected  with  the  working 
of  the  process  which  affect  the  reliability  and  rapidity  of  its  execution.  Among  these 
may  be  mentioned  the  trouble  experienced  in  washing  the  precipitate  free  of  acid  and 
the  tendency  of  the  precipitate  to  run  through,  while  the  smallness  of  the  aliquot 
used  in  the  determinations  would,  of  course,  tend  to  affect  the  accuracy  of  the  results. 

On  this  account  it  would  seem  desirable  that  work  with  this  method  be  held  in 
abeyance  for  the  present  and  that  a  trial  be  made  of  the  cobalti-nitrite  method  with  a 
view  to  determining  its  adaptability  to  fertilizer  work. 

The  results  of  tests  of  the  employment  of  ammonia  and  ammonium  oxalate  in  potash 
determinations  in  potash  salts  indicated  that  lower  figures  are  secured  in  this  way,  so 
that  from  this  partial  investigation  the  contention  of  those  who  claim  that  the  usual 
method  gives  impure  precipitates  would  seem  to  be  sustained.  However,  no  positive 
conclusion  can  be  reached  from  the  limited  data  at  hand  and  hence  this  question 
should  be  investigated  further. 
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REPORT  OF  COMMITTEE  C  (FOOD  ADULTERATION). 

By  L.  M.  Toucan,  Chairman. 

Wines. 
It  is  recommended— 

(1)  That  a  committee  of  five  be  appointed  to  cooperate  with  the  Bureau  of  Standards 
in  drawing  up  a  standard  alcohol  table. 

Adopted. 

(2)  That  the  question  of  a  standard  temperature  of  20°  for  specific  gravity  and 
alcohol  determinations  be  also  referred  to  the  committee  of  five- 
Adopted. 

(3)  That  the  following  subjects  be  given  further  study: 

(a)  Methods  for  determining  glycerol. 

(b)  Methods  for  determining  total,  fixed,  and  volatile  acids. 

(c)  Methods  for  determining  coloring  matter  in  genuine  wines. 
Adopted. 

Flavoring  Extracts. 

It  is  recommended — 

That  the  colorimetric  method  for  the  determination  of  citral  in  lemon  extract  be 
adopted  as  provisional.     (See  page  32.) 

Adopted. 

Dairy  Products. 

It  is  recommended — 

That  the  Baier  and  Neumann  method  for  the  detection  of  sucrate  of  lime  in  milk 
and  cream  be  studied.     (See  page  53.) 

Adopted. 

Distilled  Liquors. 

It  is  recommended — 

(1)  That  the  modified  Allen-Marquardt  method  for  the  determination  of  fusel  oil 
be  made  a  provisional  method. 

Adopted. 

1 2)  That  in  the  present  method  (Bui.  107,  Rev.,  p.  98)  a  second  washing  with 
sodium  sulphate  be  prescribed. 

Adopted. 

(3)  That  the  method  for  the  determination  of  water-insoluble  color  in  whiskies  be 
made  provisional.     (See  page  207.) 

Adopted. 

(4)  That  the  modified  Marsh  test  for  the  quantitative  determination  of  the  color 
insoluble  in  amy]  alcohol  be  adopted  as  a  provisional  method.     (See  page  306.) 

Adopted. 

(5)  That  the  provisional  Roese  method  for  determining  fusel  oil  (Bui.  107,  Rev., 
j).  f»7)  be  dropped. 

Adopted. 

Spices. 
It  is  recommended — 

That  methods  for  the  detection  of  added  oil  in  paprika  be  further  studied. 
Adopted. 

Mkat  ano   Fish. 
It  i-  recommended — 

(1)  That  the  study  be  continued  in  an  attempt  to  apply,  improve,  or  devise  methods 
for  the  most  accurate  separation  possible  of  the  various  protein  bodies  in  meat. 

That  the  method  for  determining  ammoniaca]  nitrogen  by  distillation  under 
reduced  pressure  be  compared  with  the  magnesium  oxid  method  now  generally  used, 
(Bui.  107,  j 
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Cereal  Products. 
It  is  recommended — 

That  methods  applicable  for  the  separation  of  the  gluten  constituents  of  flour  be 
studied,  tests  to  be  made  upon  the  several  grades,  as  patents,  first  and  second  clears, 
and  on  flours  produced  from  different  varieties  and  types  of  wheat. 
Adopted. 

Canned  Vegetables. 
It  is  recommended — 

That  methods  for  the  detection  of  soaked  peas  be  further  studied . 
Adopted. 

Meat  Proteids. 
It  is  recommended — 

That  the  work  on  the  separation  of  meat  proteids  be  continued  along  the  lines 
pursued  the  past  year. 
Adopted. 

Tea,  Coffee,  and  Cocoa. 
It  is  recommended — 

(1)  That  methods  for  the  estimation  of  caffein  be  further  studied.     (Original  Gom- 
berg  Method,  J.  Amer.  Chem.  Soc,  1896,  p.  331,  and  modifications.) 

Adopted. 

(2)  That  the  Dubois  method  for  the  determination  of  sugars  in  chocolate  be  further 
studied.     (J.  Amer.  Chem.  Soc,  1907,  29:  556;  Bui.  107,  p.  256.) 

(3)  That  the  Doolittle  and  Woodruff  method  (Bui.  105,  p.  48)  for  extract  in  tea  be 
substituted  for  the  Krauch  method  (Bui.  107,  p.  149,  sec.  5)  as  provisional. 

Adopted. 

Colors. 
It  is  recommended — 

(1)  That  an  effort  be  made  to  obtain  authentic  samples  of  vegetable  or  natural 
coloring  matters,  such  as  are  used  in  food  products. 

(2)  That  a  study  be  made  of  the  characteristics  of  vegetable  coloring  matters  and 
methods  of  identification. 

(3)  That  pure  colors  be  synthetically  prepared  to  serve  as  standards. 

(4)  That  the  separation  and  identification  of  mixed  colors  be  studied. 
These  recommendations  were  adopted. 


REPORT    OF   COMMITTEE  ON    THE    TESTING  OF  CHEMICAL 

REAGENTS. 

By  L.  F.  Kebler,  Chairman. 

There  has  been  a  marked  improvement  in  the  chemical  reagents  examined  by  the 
chairman  of  the  committee  during  the  past  year.  This,  however,  may  be  largely 
due  to  a  weeding-out  process  that  has  been  going  on  for  several  years.  It  was  a  com- 
mon experience  a  few  years  ago  to  be  compelled  to  report  adversely  on  the  quality 
of  many  chemicals  which  included  not  only  actual  adulteration,  but  indicated  gross 
carelessness  in  manufacturing  and  packing.  The  chemicals  found  to  be  of  inferior 
quality  during  the  past  year  were  generally  lacking  in  certain  minor  respects;  for 
example,  contamination  with  insoluble  material  or  some  associated  impurity  which 
would  be  detrimental  to  the  analytical  operations  for  which  the  reagent  was  to  be 
employed. 

One  of  the  difficult  features  at  present  is  a  satisfactory  nomenclature.  In  the  past 
it  has  been  common  to  use  in  connection  with  chemicals  supposed  to  be  of  high 
quality  the  abbreviation  C.  P.,  but  this  abbreviation  has  come  to  be  meaningless  and 
should  be  discontinued,     It  still  serves  one  good  purpose  and  that  is,  if  a  chemical 
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is  accompanied  by  this  designation  the  chemist  can  reject  it  on  general  principles  if 
found  to  be  of  unsatisfactory  quality.  Other  specifications,  such  as  pure,  purissimum, 
reagent,  commercial,  etc.,  also  have  vague  meanings  which  are  used  by  manufacturers, 
dealers,  and  brokers,  simply  as  a  means  for  selling  certain  chemicals.  The  past  year 
has  seen  a  marked  improvement  along  these  lines,  due  largely  to  the  instrumentality 
of  the  food  and  drugs  act.  The  term  "commercial"  has  been  replaced  largely  by 
the  term  "technical"  for  the  reason  that  the  former  name  was  vague  and  was  used 
in  connection  with  products  which  might  be  used  for  either  food,  drug,  or  technical 
purposes;  for  example,  "sodium  phosphate,  commercial,"  did  not  give  any  informa- 
tion at  all  as  to  the  quality  of  the  product,  and  while  the  name  would  suggest  that 
it  was  not  of  high  grade,  yet  it  was  not  uncommon  for  highly  arsenical  sodium  phos- 
phate to  find  its  way  into  the  drug  trade,  rather  than  to  the  boiler  compound  manu- 
factory, and  thus  do  harm.  The  terms  pure,  purissimum,  and  reagent  are  also  grad- 
ually losing  their  standing,  and  the  question  arises,  What  form  of  nomenclature 
should  be  employed  in  order  to  obtain  chemicals  of  the  desired  quality? 

The  chairman,  therefore,  recommends  that  the  committee  be  inscructed  to  inves- 
tigate the  question  of  nomenclature  to  be  used  in  connection  with  chemical  reagents 
and  report  at  the  next  meeting. 

The  report  was  accepted  and  the  recommendation  made  was  ap- 
proved by  the  association. 

REPORT  OF  COMMITTEE  ON  FOOD  STANDARDS. 

On  behalf  of  the  food  standards  committee  of  the  association,  the 
chairman,  Mr.  Frear,  submitted  a  detailed  report  of  the  work  done 
by  the  joint  committee  on  food  standards  during  the  year.  This 
covers  the  adoption  of  tentative  standards  for  manufactured  meats, 
malt  liquors,  and  spirituous  liquors.  The  report  of  the  committee 
was  accepted  by  the  association. 

The  president  announced  the  following  committee  on  the  stand- 
ardization of  alcohol  tables:  L.  M.  Tolman,  M.  E.  Jaffa,  A.  B.  Adams, 
K.  J.  Davidson,  H.  E.  Barnard. 


REPORT   OF  COMMITTEE  ON   NOMINATIONS. 

Mr.  Davidson,  as  chairman  of  the  committee  on  nominations,  then 
presented  the  following  report:  For  president,  Mr.  W.  D.  Bigelow; 
for  vice-president,  Mr.  W.  A.  Withers;  for  secretary,  Mr.  II.  W. 
Wiley;  for  additional  members  of  the  executive  committee,  Mr.  E.  F. 
Ladd  and  Mr.  E.  B.  Holland. 

The  chairman  of  the  committee  was  instructed  to  cast  the  unani- 
mous vote  of  the  association  for  the  officers  named. 

On  motion  by  Mr.  Davidson  the  question  of  the  amount  of  wash 
water  to  be  employed  in  the  treatment  of  the  residue  from  the 
ammonium  citrate  digestion  in  the  determination  of  phosphoric  acid 
was  referred  to  Committee  A  for  recommendation. 
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THE  ASSAYING  OF  ALKALOIDAL  DRUGS. 
By  C.  E.  Parker. 

The  original  drug  assay  methods  of  the  last  revision  of  the  United  States  Pharma- 
copoeia, on  the  whole,  fairly  represented  the  existing  status  of  this  branch  of  chemical 
analysis.  They  were  formulated  under  the  instruction  of  the  convention  for  revising 
the  Pharmacopoeia  that  assay  processes  should  be  "reasonably  simple  (both  as  to 
methods  and  apparatus  required)  and  lead  to  fairly  uniform  results  in  different  hands. " 

The  probability  being  somewhat  vague  that  they  would  be  made  the  basis  for  gen- 
eral legal  regulation,  a  high  degree  of  accuracy  did  not  appear  important,  and  similar 
moderate  standards  of  requirement  have  possibly  influenced  the  evolution  of  drug 
assay  methods  generally.  After  the  passage  of  the  federal  food  and  drugs  act  of  June 
30,  1906,  the  committee  on  revision  made  a  number  of  corrections  and  modifications 
in  the  text  of  the  Pharmacopoeia  that  it  might  better  meet  the  new  requirements. 

Judged  from  the  point  of  view  of  the  official  chemist  and  prospective  expert  witness 
before  the  courts,  the  cooperative  work  as  far  as  it  has  gone  has  not  shown  that  the 
pharmacopoeial  methods  lead  to  fairly  uniform  results  in  different  hands.  This  is 
probably  due  more  to  lack  of  detail  in  the  instructions  than  to  any  fundamental 
defects  in  the  methods.  It  is  evident  that  losses  occurring  at  certain  stages  in  the 
processes  may  be  prevented  by  suitable  alterations  in  the  methods,  and  that  the 
unfavorable  results  on  some  drug  samples  may,  to  a  considerable  extent,  be  attributed 
to  the  powder  not  being  of  a  proper  fineness. 

The  samples  sent  out  this  year  were  from  supplies  ordered  to  be  according  to  the 
United  States  Pharmacopoeia,  both  as  to  assay  and  fineness  of  powder.  The  sample 
of  belladonna  root  has  been  criticised  as  being  a  finer  powder  than  specified  by  the 
Pharmacopoeia,  and,  therefore,  likely  to  give  higher  results  and  too  favorable  reports 
on  the  method.  Other  samples  of  drugs  have  been  said  to  be  too  coarse,  and,  there- 
fore, unfair  to  the  methods.  The  point  is  well  taken,  but  the  only  way  to  obtain  a 
powder  of  exactly  the  pharmacopoeial  size  would  be  to  separate  with  suitable  screens 
all  larger  and  smaller  particles  produced  by  the  mill,  and  such  a  product  would  not  be 
representative  of  the  original  drug.  The  proper  solution  of  the  difficulty  would  seem 
to  be  the  provision  of  suitable  apparatus  for  grinding  all  drug  samples  for  assay  at  least 
as  fine  as  the  Pharmacopoeia  requires  and  as  much  finer  as  experience  shall  show  to  be 
expedient. 

The  theoretical  objections  to  the  aliquot  method  of  extraction  may  be  justified  when 
the  grosser  imperfections  in  the  methods  have  been  eliminated,  but  so  far  results  fail 
to  demonstrate  the  superior  reliability  of  the  total  extraction  method,  and  judgment 
must  be  suspended. 

It  was  thought  advisable  to  traverse  again  the  ground  covered  last  year  when  only 
three  analysts  participated,  comprising  methods  for  the  assay  of  aconite  root,  bella- 
donna leaves,  belladonna  root,  cinchona  bark  (yellow  and  red),  cocoa  leaves,  colchi- 
cum  corm,  and  colchicum  seeds.  Samples  of  these  drugs  delivered  as  being  of  phar- 
macopoeial quality  and  as  ground  to  the  fineness  of  powder  specified  in  the  respective 
pharmacopoeial  assay  methods  were  supplied  to  all  collaborators  with  the  following 
directions,  and  instructions  that  all  calculations  and  solutions  except  as  otherwise 
specified  be  based  on  the  data  of  the  United  States  Pharmacopoeia,  eighth  revision, 
with  the  additions  and  corrections  dated  May  1  and  June  1,  1907. 

The  provisional  methods  appearing  in  Bulletin  107,  revised,  pages  258-259,  were 
slightly  modified  in  accordance  with  the  experience  of  last  year.     Only  the  modifica- 
tions are  reprinted  below  and  the  changes  are  italicized. 
73673— Bull.  122—09 9 
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DETERMINATION    OF   ALKALOID. 

Total  extraction  method. 

Into  a  200  cc  flask  weigh  10  grams  of  the  powdered  drug,  add  about  75  cc  of  ether- 
chloroform  mixture  (5  to  1  by  volume),  rotate  and  add  5  cc  of  10  per  cent  ammonia 
water,  cork,  shake  well  and  often  during  tivo  hours.     *    *     * 

Aliquot  method. 

Into  a  200  cc  flask  weigh  15  grams  of  the  powdered  drug,  add  150  cc  of  ether- 
chloroform  mixture  (5  to  1  by  volume),  cork  and  shake  often  for  several  minutes.  Add 
5  cc  of  ammonia  water  (10  per  cent),  shake  frequently  during  two  hours.  Add  15  cc 
of  water,  or  sufficient  to  agglomerate  the  drug,  shake,  let  settle  a  few  minutes,  and 
then  decant  100  cc  of  the  clear  solution  into  a  graduated  cylinder.     *    *    * 

Note. — Under  both  methods  substitute  "a  few  cubic  centimeters"  for  the  words  "a 
small  portion,"  referring  to  the  ether-chloroform  rinsing. 

CINCHONA    BARK. 

Method  I. 

United  States  Pharmacopoeia  VIII,  page  102.  Report  total  and  ether-soluble 
alkaloids. 

Method  II. 

Total  extraction,  gravimetric.     In  extracting  the  drug  let  stand  over  night. 

The  work  on  yellow  and  red  cinchona  and  colchicum  corm  and  root  being  quite 
incomplete  is  not  included  in  this  report.  The  instructions  should  be  followed  as 
strictly  as  possible,  notes  being  taken  during  the  work  of  any  difficulties  encountered, 
objections  to  the  methods,  necessary  or  advisable  modifications  with  the  reasons 
therefor,  and  any  ambiguity  or  indefiniteness  in  the  instructions  should  be  indicated. 
The  value  of  collaborators'  reports  is  much  enhanced  by  this  practice.  (See  tabula- 
tion at  close  of  report,  p.  134.) 

For  comparing  in  respect  to  their  variability  the  results  obtained  by  the  different 
methods  from  the  several  drugs,  the  average  result  for  each  method  is  taken  as  a  basis, 
and  the  proportion  of  all  the  results  approaching  within  10  per  cent  above  or  below 
this  average  is  given,  and  in  addition  the  proportion  approaching  within  15  per  cent 
of  the  average.  Reserving  the  question  of  absolute  accuracy,  results  commonly  vary- 
ing over  a  range  of  more  than  20  per  cent  in  different  hands  can  scarcely  be  described 
as  fairly  uniform,  nor  can  methods  yielding  such  results  be  considered  satisfactory 
for  the  purposes  of  the  official  chemist.  Only  one  operator  has  reported  any  dissatis- 
faction with  the  behavior  of  cochineal  as  an  indicator,  though  another  has  substituted 
hematoxylin  for  it  throughout. 

Details  op  Manipulation. 

The  United  States  Pharmacopoeia  assay  methods  generally  direct  that  the  initial 
digestion  of  the  drug  with  a  solvent  for  the  purpose  of  extracting  the  active  principle 
be  accompanied  by  an  indefinite  amount  of  agitation.  In  certain  cases  continuous 
agitation  by  means  of  suitable  mechanism  is  alternatively  directed,  orpreferred.  The 
expression  " frequent  shaking-'  is  susceptible  of  various  interpretations,  and  it  would 
be  advisable  to  adopt  the  requirement  of  continuous  agitation  in  all  cases. 

A  number  of  collaborators  reported  difficulty  in  decanting  100  CC  of  the  solvent 
mixture  in  extracting  the  drug  by  the  aliquot  method,  and  some  were  compelled  to 
use  forcible  expression  Or  continue  the  assay  with  less  than  100  cc,  computing  the 
result  on  the  basis  of  the  aliquot  part  decanted.  This  occurred  especially  with  bella- 
donna leaves  add  cocoa  leaves  and  is  attributable  to  the  odarseness  of  the  samples. 
In  the  Drug  Division  it  was  found  practicable  to  obtain  100  cc  by  decanting  the  mix- 
Lure  of  drug  and  solvent  as  completely  as  possible  into  a  small  percolator  provided 
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with  a  purified  cotton  plug  in  the  neck,  and  loosely  stoppering  the  same  while  the 
nitrate  collected  in  a  100  cc  flask.  Excessive  evaporation  was  thus  avoided.  With 
samples  of  a  suitable  degree  of  fineness  100  cc  could  be  decanted  without  difficulty. 

One  worker  filters  the  final  solution  of  alkaloid  in  volatile  solvent  before  evaporat- 
ing off  the  latter.  If  the  funnel  be  kept  covered  during  filtration,  and  if  the  filter  be 
properly  washed,  losses  may  be  avoided  and  the  alkaloid  obtained  in  a  cleaner  con- 
dition than  without  filtration. 

Discussion  of  Results. 

aconite  root. 

This  sample  was  delivered  as  No.  40  powder.  The  following  proportions  passed 
through  the  respective  sieves: 

Grams. 

No.  60 0 

No.  50 7 

No.  40 11 

No.  20 82 

Total 100 

Most  of  the  powder  was  therefore  coarser  than  the  Pharmacopoeia  directs  for  assay 
samples. 

The  three  gravimetric  results  by  Method  I  are  too  few  in  number  to  base  upon  them 
any  conclusion.  Only  32  per  cent  of  the  volumetric  results  by  Method  I  (U.  S.  P.) 
come  within  10  per  cent  of  the  average  and  only  59  per  cent  come  within  15  per  cent, 
and  the  results,  both  gravimetric  and  volumetric,  by  (II)  are,  on  the  whole,  as  bad 
or  worse.  The  average  results  by  the  two  methods  are  in  very  good  agreement,  but 
considerably  under  the  United  States  Pharmacopoeia  standard  of  0.50  per  cent.  It  is 
quite  possible  that  higher  and  more  uniform  results  might  have  been  obtained  with 
a  finely  powdered  sample. 

On  comparison  of  the  corresponding  gravimetric  and  volumetric  results  by  (II) 
which  we  may  assume  were  obtained  by  weighing  and  then  titrating  the  same  alka- 
loidal  residues,  it  will  be  observed  that  in  about  one-half  the  instances  the  volumetric 
result  is  higher  than  the  gravimetric,  though  it  can  not  be  assumed  that  these  residues 
consist  of  absolutely  pure  alkaloid.  The  factor  for  aconitine  (0.064)  employed  in 
computing  the  volumetric  result  is  too  high,  and  the  residue  contains  alkaloidal  mat- 
ter of  lower  molecular  weight  than  640,  resulting  from  the  decomposition  of  aconitin. 
It  is  probable  that  the  volumetric  results  by  (I)  are  affected  by  a  similar  error.  These 
considerations  tend  to  support  the  contention  of  Doctor  Lyons  and  others  that  chem- 
ical assays  of  aconite  should  be  confirmed  by  the  so-called  "physiological  test." 

In  Method,  I  Mr.  Fuller  considers  the  evaporation  of  the  alcoholic  percolate  to  dry- 
ness at  a  temperature  not  exceeding  60°  as  too  tedious,  and  carried  evaporation  only  to 
the  point  where  alcohol  was  all  expelled,  acidifying  the  aqueous  residue  with  normal 
acid  and  filtering  as  usual.  He  also  washed  the  acid  solution  with  ether  before  mak- 
ing alkaline  and  shaking  out.  A  number  of  workers  note  the  usual  difficulty  in  fil- 
tering the  acidified  residue  from  evaporation.  Mr.  Hankey  added  powdered  pumice 
to  the  residue  to  aid  filtration  and  titrated  finally  with  half-strength  lime  water.  He 
found  the  marc  on  repeating  the  extraction  yielded  no  more  alkaloid.  Mr.  La  Wall 
in  a  parallel  experiment  shook  out  finally  with  chloroform-ether  mixture  instead  of 
ether  and  obtained  lower  results,  viz,  gravimetric  0.35  per  cent  and  volumetric  0.416 
per  cent.  Doctor  Lyons  used  paper  pulp  to  aid  filtration,  and  after  the  final  shaking 
out  with  ether  further  shaking  out  with  chloroform  yielded  about  0.1  per  cent  alka- 
loid, titrating  0.075  per  cent  as  aconitin  and  producing  its  characteristic  effect  on  the 
tongue.  He  believes  that  aconite  assays  should  be  confirmed  by  the  Squibb  physi- 
ological test.     He  also  suggests  a  direct  titration  method  for  aconite,  similar  to  the 
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United  States  Pharmacopoeia  method  for  belladonna  in  the  details  of  extracting  the 

drug,  but  instead  of  shaking  out  the  ethereal  extract  with  acid,  the  former  is  to  be 
evaporated,  ammonia  expelled  by  repeated  addition  of  a  few  cubic  centimeters  of 
ether  and  evaporation,  and  the  impure  residue  titrated.  It  might  either  be  dis- 
solved in  alcohol  diluted  with  water  and  titrated  with  acid,  or  dissolved  in  excess  of 
standard  acid  and  the  excess  of  acid  titrated  with  standard  alkali,  preferably  with 
iodeosin  indicator.  This  method,  he  thinks,  could  be  adapted  for  many  alkaloidal 
drugs.  Professor  Ruddiman  criticises  the  use  of  decinormal  acid,  especially  in  titrat- 
ing an  alkaloid  of  such  high  molecular  weight  as  aconitin,  where  a  slight  difference 
in  measurement  seriously  affects  the  result. 

In  Method  II  as  well  as  in  I,  Mr.  Lyons  obtained  a  further  yield  of  about  0.1  per 
cent  of  alkaloid  by  shaking  out  with  chloroform  following  the  final  extraction  of  the 
alkaline  liquid  with  ether.  Mr.  Pearson  redissolved  the  alkaloidal  residues  from  the 
gravimetric  determinations  in  (II)  in  acid  and  purified  by  submitting  them  to  a  shak- 
ing-out process  with  ether,  obtaining  much  lower  results,  viz,  0.312  and  0.315  per  cent. 

In  view  of  the-fact  that  both  methods  gave  practically  the  same  average  volumetric 
result  and  variability,  the  greater  convenience  and  rapidity  of  Method  II  are  in  its 
favor. 

BELLADONNA    LEAVES. 

This  sample  was  delivered  as  No.  60  powder.     The  following  proportions  passed 

through  the  respective  sieves: 

Grams. 

No.  60 40 

No.  50 35 

No.  40 25 

Total 100 

A  considerable  amount  of  coarser  powder  than  the  Pharmacopoeia  permits  in  assay 
samples  of  belladonna  leaves  was  present.  By  Method  I  (U.S. P.)  the  few  gravimetric 
results  reported  varied  exceedingly,  none  of  them  coming  within  10  per  cent  of  the 
average,  and  only  14  per  cent  within  15  per  cent  of  the  average.  Of  the  volumetric 
results,  41  per  cent  came  within  10  per  cent  and  65  per  cent  within  15  per  cent  of  the 
average.  By  (II)  gravimetric,  86  per  cent  of  the  few  results  were  within  10  per  cent; 
also  86  per  cent  within  15  per  cent  of  the  average.  Of  the  volumetric  results  by  (II) 
39  per  cent  came  within  10  per  cent,  and  73  per  cent  within  15  per  cent  of  the  average. 
The  average  results  by  (I)  are  slightly  higher  than  by  (II),  but  both  are  somewhat  under 
the  United  States  Pharmacopoeia  standard  of  0.30  per  cent.  A  slight  impurity  in  the 
residues  is  indicated  by  the  higher  gravimetric  results.  In  (I)  Mr.  Hankey  used  2  cc 
of  ether  to  assist  solution  of  the  alkaloidal  residue  in  acid,  expelling  it  by  gentle  warm- 
ing before  titration.  J.  G.  Francis  and  Parker  used  50  cc  more  ether-chloroform  mix- 
ture than  directed  to  exhaust  the  drug.  It  has  been  observed  in  the  Drug  Division 
when  assaying  belladonna  leaves  and  root  and  coca  leaves  by  the  pharmacopoeia! 
method"  that  a  large  portion  of  the  last  50  cc  of  solvent  mixture  which  is  intended  to 
complete  the  percolation  has  to  be  used  in  rinsing  the  drug  into  the  percolator.  The 
drug  should  be  packed  after  it  is  all  transferred  and  percolation  carried  to  practical 
exhaustion.  The  combined  acid  solutions  obtained  by  shaking  with  the  percolate 
should  be  shaken  with  fresh  solvent  in  small  portions  until  no  more  color  is  removed 
before  making  alkaline  and  shaking  out  the  alkaloid.  Instead  of  measuring  out  3  cc 
of  decinormal  sulphuric  acid  to  dissolve  the  alkaloid,  a  number  of  workers  in  such 

"Workers  in  the  Division  of  Drugs  recommend  cylindrical  nursing  bottles  (8 
ounces)  which  taper  to  the  neck  without  any  shoulder  instead  of  Erlonmover  flasks 
for  digesting  the  drug  with  solvent,  as  the  former  are  more  easily  clamped  on  a  me- 
chanical   shaker. 
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cases  prefer  to  add  an  equivalent  amount  of  fiftieth-normal  acid  as  a  quantity  less 
liable  to  error  in  measurement. 

In  (II)  Mr.  Blome  suggests  increasing  the  amount  of  ether-chloroform  mixture  for 
extracting  the  drug  to  180  cc  and  decanting  120  cc.  Mr.  Fuller  suggests  that  instead 
of  directing  the  use  of  neutral  alcohol  for  dissolving  the  alkaloid  before  titration  it 
would  be  preferable  to  compare  the  result  with  that  of  a  blank  titration  made  with  the 
same  amount  of  the  same  stock  of  alcohol,  water,  and  indicator.  Mr.  Hankey  reports 
dissatisfaction  with  the  titration  results  owing  to  an  indefinite  end  reaction.  Though 
his  alcohol  was  redistilled  over  alkali,  a  blank  titration  with  the  amounts  of  acid, 
alcohol,  and  water  directed  required  only  14.3  cc  of  fiftieth-normal  alkali,  while  the 
same  amount  of  acid  by  direct  titration  required  15  cc  of  the  standard  alkali.  Mr. 
Parker  prepared  "neutral"  alcohol  by  adding  fiftieth-normal  potassium  hydroxid  to 
alcohol  until  a  blank  titration  with  the  amounts  of  acid,  alcohol,  and  water  directed 
agreed  with  a  direct  titration  of  the  acid  alone.  This  method  or  that  suggested  by 
Mr.  Fuller  eliminates  the  effect  of  any  deviation  from  neutrality  by  the  alcohol  or 
water  under  the  working  conditions.  Mr.  Lyons  made  a  parallel  experiment,  evap- 
orating the  ether-chloroform  extract  of  the  drug  instead  of  shaking  out  with  acid 
and  titrating  the  residue  directly,  as  outlined  in  the  discussion  under  aconite  root. 
The  result  was  0.32  per  cent. 

BELLADONNA  ROOT. 

This  sample  was  delivered  as  No.  60  powder,»and  passed  through  the  several  sieves 

in  the  following  proportions: 

Grams. 

No.  80 98 

No.  60 1 

Total 99 

It  was,  therefore,  somewhat  finer  than  the  Pharmacopoeia  requires  for  assay  samples 
of  this  drug.  By  Method  I  (U.  S.  P.)  of  the  few  gravimetric  results  29  per  cent  came 
within  10  per  cent  of  the  average  and  43  per  cent  within  15  per  cent.  Of  the  volu- 
metric results,  46  per  cent  came  within  10  per  cent  of  the  average  and  80  per  cent 
within  15  per  cent.  By  (II)  the  gravimetric  results  varied  more  than  the  similar 
determinations  by  (I).  The  volumetric  results  by  (II)  were  decidedly  better  than 
the  corresponding  results  by  (I),  73  per  cent  coming  within  10  per  cent  of  the  average 
and  85  per  cent  within  15  per  cent.  The  averages  by  the  two  volumetric  determina- 
tions are  practically  identical,  likewise  those  by  the  two  gravimetric  determinations, 
but  no  explanation  is  apparent  for  the  fact  that  by  both  methods  the  gravimetric 
results  average  lower  than  the  volumetric.  This  relation  occurs  also  in  four  instances 
(in  II)  where  the  results  apparently  represent  the  same  residue. 

In  (I)  Mr.  Hankey  dissolved  the  alkaloidal  residue  in  1  cc  of  neutral  alcohol  before 
adding  excess  of  standard  acid  and  titrating  back  with  half  -strength  limewater,  com- 
paring the  same  with  a  blank  titration.  C.  H.  La  Wall  made  parallel  assays  by 
both  methods,  evaporating  the  ether-chloroform  extract  instead  of  shaking  out  with 
acid,  and  titrating  the  impure  residue  directly,  the  results  obtained  being  (I)  0.514 
and  (II)  0.529  per  cent,  duplicate  results  agreeing  well.  J.  G.  Francis  used  25  cc,  and 
Mr.  Parker  50  cc  more  ether-chloroform  mixture  than  the  amount  directed  to  extract 
the  drug.  Their  results  are  all  well  above  the  average.  The  remarks  made  in  the 
discussion  on  belladonna  leaves,  Method  I,  regarding  the  percolation  of  the  drug 
also  apply  to  belladonna  root.  With  belladonna  root  Method  II,  by  evaporation  of 
the  ether-chloroform  extract,  and  direct  titration  of  the  impure  residue,  Mr.  Lyons 
obtained  a  value  of  0.617  per  cent. 
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COCA  LEAVES. 

This  sample,  delivered  as  No.  60  powder,  passed  through  the  several  sieves  in  the 
following  proport  ions: 

Orams. 

Xo.  GO 29 

No.  50 18 

Xo.  40 9 

Xo.  20 43 

Total 99 

A  large  portion  of  the  powder  was  coarser  than  the  pharmacopoeial  requirement  for 
assay  samples  of  this  drug.  The  gravimetric  results  by  Method  I  (U.  S.  P.)  are  too 
few  to  justify  any  conclusions.  Of  the  volumetric  results,  36  per  cent  come  within 
10  per  cent  and  58  per  cent  within  15  per  cent  of  the  average.  Of  the  gravimetric 
results  by  (II),  75  per  cent  come  within  10  per  cent  and  82  per  cent  within  15  per  cent 
of  the  average.  Of  the  volumetric  results,  33  per  cent  come  within  10  per  cent  and  72 
per  cent  within  15  per  cent  of  the  average.  The  gravimetric  averages  and  likewise 
the  volumetric  averages  by  the  respective  methods  are  in  substantial  agreement,  the 
gravimetric  results  being  somewhat  higher  than  the  volumetric,  owing  probably  to 
impurities  in  the  alkaloidal  residue.  In  (I)  Mr.  Fuller  accomplished  the  final  shaking 
out  with  three  portions  of  20  cc  each  of  ether  instead  of  25,  20,  and  15  cc.  He  thinks 
the  drug  should  be  digested  with  the  solvent  mixture  longer  than  one  hour,  as  the  marc 
in  this  case  still  contained  alkaloid.  Mr.  Hankey  dissolved  the  alkaloidal  residue 
with  1  cc  of  "neutral  spirits"  and  titrated  with  acid  and  diluted  limewater  as  with 
belladonna  root.  Cochineal  gave  an  unsatisfactory  end  reaction.  Messrs.  La  Wall  and 
Parker  noted  considerable  emulsification  in  shaking  out  by  both  methods.  The  latter 
used  50  cc  more  solvent  than  is  directed  for  percolating  the  drug,  and  J.  G.  Francis 
used  75  cc  more,  and  shook  the  drug  finally  with  five  portions  of  25  cc  of  ether.  The 
extraction  was  not  complete. 

For  coca  as  for  belladonna  the  amount  of  solvent  mixture  directed  in  the  United 
States  Pharmacopoeia  method  is  scarcely  adequate  for  the  proper  manipulation  and 
extraction  of  the  drug.  In  the  final  shaking  out  process  further  extraction  with  ether 
is  desirable.  In  (II)  Mr.  Blome  suggests  increasing  the  ether-chloroform  mixture  to 
180  cc  and  decanting  120  cc.  Mr.  Hankey  obtained  a  better  end  reaction  with  iodeosin 
than  with  cochineal.  Professor  La  Wall  obtained  equally  low  results  in  a  duplicate 
assay.  J.  G.  Francis  found  that  the  final  extraction  was  not  complete.  Mr.  Pearson 
could  not  decant  100  cc  without  forcible  expression,  and  therefore  objects  to  the 
method.  As  in  (I),  further  extraction  with  ether  in  the  final  shaking  out  is  probably 
desirable. 

In  both  (I)  and  (II)  considerable  impurity  evidently  passes  into  the  alkaloidal 
residue,  and  a  more  thorough  washing  with  solvent  before  making  alkaline  is  indicated. 


THE  MACROSCOPY  AND   MICROSCOPY   OF  DRUGS. 
By  H.  H.  RUBBY. 

The  object  of  this  brief  paper  is  to  direct  the  attention  of  the  members  to  the 
importance  of  chemists  supplementing  their  chemical  methods  by  suitable  physical 
methods  in  identifying  and  estimating  drugs;  and  to  the  facility  with  which  the 
chemisl  can  acquire  enough  knowledge  of  such  physical  methods,  and  of  the  physical 
properties  of  drugs,  to  be  of  great  assistance  in  his  analytical  work. 

When  the  subject  of  the  chemkaJ  standardization  of  vegetable  drugs  was  being 
agitated  in  connection  with  the  approaching  United  states  Pharmacopoeia  Conven- 
tion of  L890,  the  writer  was  astonished  to  hear  Prof.  John  M.  Maisch  declare  himself 
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opposed  to  the  introduction  of  such  standards  into  the  Pharmacopoeia.  This  surprise 
was  considerably  augmented  when  Doctor  Maisch  gave  as  his  reason  the  statement 
that  if  a  man  knew  drugs  as  he  should  it  would  not  be  necessary  to  examine  them 
chemically  to  determine  their  quality.  Although  we  can  not  in  these  days  admit 
the  propriety  of  neglecting  chemical  standardization,  for  this  or  any  other  reason, 
yet  subsequent  experience  has  shown  that  Doctor  Maisch's  claim  to  be  able  to  judge 
the  quality  of  drugs  without  recourse  to  chemical  methods  is  largely  justified. 

The  necessity  of  such  knowledge  is  apparent  when  we  reflect  that  of  the  167  crude 
vegetable  drugs  of  the  Pharmacopoeia,  chemical  standards  are  prescribed  for  only  22,  and 
yet  the  Pharmacopoeia  does  not  recognize  more  than  one-half  of  the  nonstandardized 
articles  in  common  use.  It  is  true  that  chemists  employ  quantitative  methods,  all 
more  or  less  satisfactory,  in  the  case  of  ten  or  a  dozen  others,  which  are  not  thus 
treated  in  the  Pharmacopoeia.  Admitting  these  to  full  membership,  how  over- 
whelming still  is  the  majority  upon  the  other  side!  Let  it  not  be  said  that  the  non- 
assay  able  list  represents  only  unimportant  drugs.  It  is  one  of  the  great  temptations 
of  the  chemist  to  underrate  subjects  with  which  he  does  not  deal,  and  he  is  apt  to 
reason  post  hoc,  ergo  propter  hoc.  Let  us  not  forget  that  it  is  the  extreme  variability 
in  activity  of  such  drugs  as  veratrum,  digitalis,  ergot,  and  cannabis  indica,  coupled 
with  their  exceeding  importance  in  medicine,  which  has  forced  a  resort  to  physio- 
logical standardization,  applicable  as  yet  to  but  few  drugs.  It  is  this  tendency  to 
vary  in  quality  and  our  general  inability  to  estimate  such  quality  that  has  to  a  great 
extent  destroyed  the  usefulness  of  some  drugs  which  would  otherwise  be  generally 
relied  upon.  As  illustrations,  let  us  note  male  fern,  spigelia,  cusso,  and  other  anthel- 
mintics, Winter's  bark,  coto  bark,  and  chrysarobin.  The  importance  of  the  drugs 
named  is  relatively  greater  than  that  of  the  assayable  ones,  by  virtue  of  the  fact  that 
the  latter  can  be  substituted  by  their  proximate  principles,  while  the  former  can  not. 

There  is  yet  another  element  of  weakness  in  the  chemical  assay  of  drugs,  which 
is  greatly  mitigated  by  attention  to  their  macrosopical  and  microscopical  characters. 
Every  assay er  is  frequently  more  or  less  chagrined  by  the  thought  that  after  all  he 
does  not  know  what  it  is  that  he  has  in  hand  after  he  has  extracted  the  full  required 
percentage  of  alkaloid  by  the  prescribed  method,  since  part  of  it  may  have  been 
extracted  from  an  admixture.  Impurities  in  drugs,  either  from  accident  or  design, 
may  and  frequently  do  fail  of  detection  by  the  chemist,  even  in  the  case  of  freely 
assayable  drugs,  where  detection  would  be  simple  by  intelligent  physical  examina- 
tion before  assaying. 

Even  the  great  array  of  unofficial  and  unimportant  drugs  can  not  be  dismissed 
from  the  chemist's  ken  because  of  their  want  of  substantial  therapeutic  activity. 
They  are  in  common  use  and  some  one  pays  for  them  the  money  which  is  his  property 
and  which  entitles  him  to  the  receipt  of  what  he  pays  for.  He  may  be  deprived  of 
the  protective  aid  of  the  Pharmacopoeia  without  having  his  legal  or  professional 
rights  in  any  degree  curtailed.  Indeed,  the  chemist  himself  is  a  deeply  interested 
party  in  this  class  of  transactions.  Every  commercial  chemist  will  admit  that  some 
of  his  most  profitable  work  lies  in  the  field  of  the  unofficial  materia  medica,  and 
where  the  distinctly  chemical  indications  are  usually  indefinite  and  faint.  It  seems 
quite  unnecessary  to  argue  further  that  a  knowledge  of  the  physical  identification 
characters  of  vegetable  drugs  is  of  great  service  to  the  chemist.  Is  it  too  much  to 
say  that  the  field  of  success  thus  opened  to  him  is  far  greater,  as  to  crude  vegetable 
drugs,  than  that  which  he  can  control  by  chemical  methods  alone?  I  feel  very 
sure  that  such  a  statement  is  just  and  moderate. 

This  being  so,  how  far  can  macroscopical  and  microscopical  methods  supply  the 
deficiency?  And  how  great  an  expenditure  of  effort  and  time  does  it  require?  It 
may  be  admitted  at  once  that  to  secure  an  expert  knowledge  of  this  subject  requires 
the  same  kind  and  degree  of  application  that  it  does  to  become  an  expert  chemist, 
but  it  is  at  the  same  time  true  that  a  very  moderate  amount  of  effort,  intelligently 


and  judiciously  applied,  will  add  more  to  the  general  efficiency  of  the  chemist  than 
the  same  amount  applied  in  any  other  direction.  I  believe  that  no  chemist  should 
proceed  with  the  chemical  examination  of  a  drug  of  this  class  until  alter  he  has  examined 
it  physically,  with  or  without  the  microscope,  according  to  the  requirements  of  the 
case,  to  ascertain  its  general  characters  and  particularly  whether  it  is  a  single  article 
or  a  mixture.  This  requires  a  fair  knowledge  of  macroscopy  and  microscopy,  as  to 
both  methods  and  drugs.  The  time  and  labor  necessary  to  acquire  such  a  knowl- 
edge are  not  excessive.  As  to  all  the  official  and  important  unofficial  drugs,  it  should 
be  gained  by  from  one  hundred  to  one  hundred  and  fifty  hours  of  practical  work, 
say  two  or  three  hours  per  week  during  a  two-year  course. 

The  following  examples  will  serve  to  illustrate  the  class  of  drugs  to  which  refer- 
ence is  here  made:  Coto  and  paracoto  bark  are  among  the  most  reliable  therapeutic 
agents  in  the  materia  medica,  often  the  only  means  of  saving  life  in  severe  cases  of 
dysentery,  yet  the  use  of  this  medicine  has  almost  ceased  owing  to  the  fact  that  the 
genuine  drug  is  now  scarcely  ever  seen.  In  two  years  the  writer  has  not  known  of 
an  importation  of  it  to  the  United  States  that  was  not  spurious.  A  brief  macroscopic 
examination  will  enable  anyone  immediately  to  recognize  every  one  of  these  pre- 
tenders. The  same  statement  applies,  in  a  somewhat  less  serious  degree,  to  "Winter's 
bark,  a  most  valuable  aid  in  nutrition. 

The  belladonna  invoice  covers  a  multitude  of  fatal  and  dangerous  imperfections. 
A  very  large  part  of  our  belladonna  root  contains  poke  root,  not  only  an  exceedingly 
active  poison  but  an  article  that  counteracts  the  medicinal  effect  of  belladonna.  It 
is  sometimes  difficult  to  distinguish  the  smaller  roots  by  macroscopical  means,  but 
the  dust  in  the  package  will  always  show,  under  the  microscope,  the  needle-shaped 
crystals  of  the  poke  root.  The  same  statement  applies  to  an  admixture  of  poke  leaves 
to  belladonna  leaves.  Scopola  leaves  are  often  mixed  with  and  substituted  for  bella- 
donna leaves.  This  is  liable  to  destroy  the  life  of  the  patient  receiving  the  medicine. 
In  any  case  the  medicinal  actions  of  these  two  are  antagonistic.  Some  indication  of 
the  identity  of  these  plants  is  almost  always  present  with  the  leaves;  for  example, 
the  belladonna  has  black  berries,  while  the  scopola  has  pale  yellow  cireumscissile 
pods,  and  the  two  can  be  instantly  distinguished. 

A  spurious  henbane  sometimes  contains  from  ten  to  fifteen  times  as  much  alkaloidal 
matter  as  the  genuine  and  has  a  different  action.  These  alkaloids  are  so  poisonous  that 
they  are  given  in  doses  of  only  one  two-hundred-and-fiftieth  to  one  one-hundredth 
of  a  grain.  Imagine  the  effect  of  giving  a  dose  containing  fifteen  times  as  much  as 
it  should,  ^"nen  powdered,  the  spurious  can  be  recognized  by  its  stellate  hairs  and 
by  certain  cells  with  wavy  thick  walls.  Henbane  and  digitalis  may  contain  stramo- 
nium leaves.  Any  considerable  amount  of  such  an  addition  to  digitalis  must  put 
the  life  of  the  patient  in  danger,  because  with  heart  failure  life  often  depends  upon 
the  full  and  prompt  action  of  the  latter  remedy.  Here  the  microscope  is  almost 
necessary,  as  a  single  hair  from  the  leaf  of  the  stramonium,  densely  covered  with 
minute  warts,  will  tell  the  story. 

Strophanthus  seed  is  another  drug  of  great  service  in  heart  failure,  and  used  when 
promptness  is  necessary.  There  is  one  variety  of  the  seed  which  produces  no  good 
effect,  and  there  has  been  ten  times  as  much  of  this  used  in  the  United  States  as  of 
tlie  other,  because  it  has  cost  only  one-tenth  to  one-fifth  as  much.  During  the  past 
year  the  use  of  the  spurious  kind  has  been  largely  stopped.  The  two  seeds  have  such 
different  macroscopic  characteristics  that  they  can  not  be  mistaken  when  once  the 
difference  has  been  noted. 

So-called  saffron  is  frequently  found  which  consists  of  marigold  flowers,  colored 
red  with  anilin  and  heavily  weighted  with  mineral  matter.  The  evil  result  of  this 
fraud  is  peculiar.  Saffron  is  largely  used  for  giving  an  agreeable  color  to  medicinal 
preparation,  so  it  is  added  to  medicines  in  a  prescription.     This  mineral  matter  is 
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apt  to  destroy  the  effect  of  other  substances  in  the  mixture,  and  may  easily  bring 
about  changes  in  them  that  will  result  in  poisoning  the  patient. 

Let  us  now  turn  to  the  distinctively  microscopical  class  of  examinations  and  observe 
the  facility  of  identification.  Starch  grains  taken  from  different  drugs,  under  the 
microscope  are  as  conspicuously  different  as  are  larger  objects.  The  same  is  true 
when  they  are  modified  in  appearance  by  moist  heat.  The  presence  of  such  grains 
often  shows  that  the  drug  has  been  partly  exhausted  of  its  activity.  Powdered 
elecampane  illustrates  a  very  large  class  of  drugs  that  do  not  contain  any  starch.  If 
we  find  starch  grains  in  any  of  these  powders,  we  know  that  there  must  be  an  admix- 
ture. The  various  forms  of  crystals  of  calcium  oxalate  are  very  distinctive,  the  par- 
ticular form  being  always  the  same  in  a  given  drug.  Merely  glancing  at  the  powder 
under  the  microscope  would  identify  a  drug  by  this  means.  Ground  olive  pits  have 
been  used  to  the  extent  of  hundreds  of  tons  for  adulterating  such  important  drugs  as 
ipecac,  gentian,  belladonna,  and  aconite.  While  stone  cells  occur  in  many  drugs, 
similar  to  those  of  the  olive  pit,  they  are  absent  from  most,  and  their  characteristic 
appearance  is  sufficient  for  ready  detection.  The  very  similar  stone  cells  from  cocoa 
nut  shells  have  been  largely  used  to  adulterate  chocolate,  but  when  compared  with 
the  powders  of  chocolate  under  the  microscope  they  could  not  fail  of  detection. 

Plant  hairs  are  often  so  characteristic  as  to  insure  instant  recognition.  The  stellate 
hairs  of  the  chestnut  leaf,  one  of  the  favorite  articles  used  to  adulterate  medicinal  leaves 
and  herbs,  are  very  distinctive;  the  peculiar  hairs  of  stramonium  and  spurious  henbane 
have  already  been  mentioned.  Genuine  and  spurious  matico  are  easily  distinguished, 
the  latter  having  only  about  one-third  the  medicinal  activity  of  the  former.  Its  hairs 
are  large,  strong,  and  thick- walled,  the  cavity  being  little  more  than  a  faint  line. 
The  hair  of  the  genuine,  on  the  other  hand,  is  nearly  all  cavity,  its  wall  so  thin  that 
the  hair  frequently  collapses. 

It  is  earnestly  hoped  that  this  presentation  of  the  subject  may  lead  some  here  to 
interest  themselves,  at  least  a  little,  in  this  matter.  The  attention  of  this  association 
has  been  chiefly  directed  to  other  things  than  drugs.  Important  as  those  subjects 
are,  your  aid  is  equally  needed  in  the  drug  field.  There  are  only  a  few  of  us  to  struggle 
with  this  great  subject.  Efforts  to  secure  just  action  by  the  final  authorities  are  met 
by  the  most  energetic  and  often  very  plausible  misrepresentations  by  interested 
parties,  to  the  great  detriment  of  the  cause,  and  there  is  great  need  of  your  moral 
support  in  promoting  public  interest  in  the  rigid  enforcement  of  the  laws  regarding 
pure  drugs. 


"THIRD  DAY. 

SATURDAY— MORNING  SESSION. 

Mr.  J.  P.  Street  introduced  a  resolution  approving  national  legis- 
lation regulating  the  composition  and  sale  of  insecticides  and  fungi- 
cides. The  matter  was  referred  to  the  committee  on  resolutions. 
(See  page  1S9.) 

REPORT   ON   PHOSPHORIC  ACID. 

By  J.  M.  McCandless,  Referee. 

On  May  19,  190S.  the  referee  sent  out  a  letter  to  twenty-one  chemists,  quoting  the 
recommendations  made  by  the  association,  as  follows: 

(1)  That  the  referee  on  phosphoric  acid  take  up  for  report  at  the  next  meeting  of 
the  association  methods  applicable  under  American  conditions  to  the  official  exami- 
nation of  basic  slag  phosphates. 

(2)  That  the  subject  of  an  accurate  determination  of  iron  oxid  and  alumina  in  rock 
phosphates  be  examined  by  the  referee  on  phosphoric  acid  and  an  official  method  be 
recommended  to  the  association  next  year. 

(3)  That  a  number  of  chemists  be  requested  to  send  to  the  referee  on  phosphoric 
acid  samples  of  the  citrate  ammonia  solution  employed  by  them,  and  that  the  referee 
examine  such  samples  as  to  neutrality  and  that  such  examination  be  reported  to  the 
chemists  at  the  next  annual  meeting. 

In  compliance  with  these  instructions  the  referee  requested  those  who  desired  to 
cooperate  in  the  work  to  send  him  a  bottle  (200  cc)  of  then  solution  of  ammonium 
citrate  and  a  short  statement  of  the  method  used  in  making  the  samples  neutral. 

In  response  to  this  letter  the  referee  received  nine  samples  of  ammonium  citrate 
solution  for  examination  and  forwarded  to  ten  chemists  three  samples  each,  one  of 
pulverized  brown  Tennessee  rock,  one  of  pulverized  Florida  rock,  and  one  of  a  syn- 
thetic solution  made  from  microcosmic  salt,  recrystallized  potash-alum,  ferrous 
ammonium  sulphate,  calcium  carbonate,  magnesium  sulphate,  and  calcium  fluorid. 
so  that  100  cc  would  represent  1  gram  of  substance,  and  on  that  basis  the  solution 
should  contain  exactly  3  per  cent  of  ferric  oxid  and  2  per  cent  of  alumina. 

A  letter  of  instructions  was  forwarded  with  the  samples  requesting  that  the  coopera- 
tors  test  the  following  methods  for  iron  and  alumina,  it  being  deemed  best  to  restrict 
the  work  to  these  phases- 

Methods  for  the  Determination  of  Iron  and  Alumina  in  PHOSPHATE   Rock. 

I i  is  recommended  that  before  beginning  the  work  each  analyst  make  up  for  him- 
Belf  a  synthetic  solution  from  ('.  P.  chemicals,  containing  10  grams  of  miCTOCOSmic 
.-alt.  lo.  I  grams  of  calcium  carbonate,  0.050  gram  of  magnesium  oxid  or  its  equivalent 
in  magnesium  sulphate,  0.300  gram  calcium  fluorid.  To  those  should  he  added 
accurately  known  weights  of  C.  I*.  Crystallized  potash,  or  ammonia  alum,  and  ferrous 
ammonium  sulphate  or  iron  wire.  The  material  should  he  dissolved  in  hydrochloric 
acid  and  walerand  made  up  to  a  liter.  The  met  hods  should  he  tried  upon  this  solu- 
tion to  acquire  confidence  and  applied  to  the  referee's  samples,  using  the  following 
methods: 

(140) 
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Gladding  method. 

Dissolve  4  grams  of  the  rock  in  30  cc  dilute  hydrochloric  acid  (1  to  1),  heating  just 
below  the  boiling  point  for  half  an  hour.  Filter  into  a  200  cc  flask,  add  a  few  drops 
of  nitric  acid,  and  boil  to  oxidize  the  iron;  cool  and  dilute  to  mark.  Take  50  cc,  con- 
taining *L  gram,  and  run  into  20  cc  of  a  solution  of  C.  P.  caustic  potash,  made  by  dis- 
solving 500  grams  of  caustic  potash  free  from  alumina,  in  distilled  water  and  diluting 
to  one  liter.  Digest  in  water  bath  at  70°  for  one  hour,  stirring  occasionally.  Let  the 
precipitate  settle  and  filter  on  a  large  paper,  first  decanting  the  supernatant  liquid 
on  the  paper  and  finally  washing  on  the  precipitate.  Wash  two  or  three  times  with 
hot  water.  To  the  filtrate  add  1  gram  of  ammonium  phosphate;  acidify  with  hydro- 
chloric acid.  Add  ammonia  until  a  permanent  precipitate  is  formed;  add  dilute 
hydrochloric  acid,  drop  by  drop,  until  it  is  just  dissolved. 

Add  a  mixture  of  15  cc  neutral  ammonium  acetate  solution  and  5  cc  acetic  acid 
(30  per  cent)  and  digest  for  half  an  hour  at  70°  C,  by  which  time  the  precipitation  is 
complete.  Filter,  washing  five  or  six  times  with  hot  ammonium  acetate  solution 
(10  per  cent),  stirring  up  the  precipitate  with  the  jet  each  time.  Ignite  with  a  low 
flame  till  the  paper  is  charred,  increase  the  heat  until  the  paper  is  consumed,  then 
blast  for  a  minute. 

The  precipitate  is  A1P04  and  its  weight  multiplied  by  0.418  gives  the  A1203.  Glad- 
ding determines  the  iron  oxid  volumetrically  by  the  bichromate  method  in  a  solu- 
tion of  the  precipitate  of  iron  oxid  and  calcium  phosphate  thrown  down  by  the  caustic 
potash,  or  by  the  same  method  in  a  separate  solution  of  5  grams  of  the  rock  in  dilute 
hydrochloric  acid  (1  to  1). 

Glaser  method. 

Boil  3  grams  of  phosphate  rock  thirty  minutes  in  30  cc  concentrated  hydrochloric 
acid.  Make  up  to  300  cc  and  filter  off  100  cc.  Add  25  cc  concentrated  sulphuric 
acid;  shake  and  allow  to  stand  a  few  minutes;  add  100  cc  strong  alcohol  and  cool. 
Make  up  to  250  cc  with  alcohol  and  allow  to  stand  thirty  minutes;  filter  off  100  cc  or 
0.4  gram  and  evaporate  in  a  large  beaker  to  expel  alcohol. 

Transfer  to  a  small  Griffin  beaker,  boil,  remove  from  flame,  and  make  slightly  alka- 
line with  ammonia.  Boil  to  neutrality,  cool,  filter,  and  wash  with  boiling  ammonium 
nitrate  solution.     Burn  and  weigh,  weight  divided  by  2=  oxids  of  iron  and  aluminum. 

Proposed  modification  of  acetate  method. 

Weigh  2.5  grams  of  phosphate  rock  into  a  250  cc  flask;  cover  with  25  cc  of  concen- 
trated hydrochloric  acid;  keep  just  below  the  boiling  point  for  thirty  minutes;  dilute 
and  cool;  make  up  to  the  mark;  filter  off  50  cc,  equivalent  to  one-half  gram  of  rock; 
add  a  few  drops  of  nitric  acid,  to  oxidize  any  ferrous  iron,  and  boil. 

Add  ammonia  until  the  precipitate  formed  dissolves  slowly  on  agitation.  Then 
cool  to  about  15°  C,  neutralize,  adding  dilute  ammonia  drop  by  drop  until  the  precipi- 
tation is  complete.  Clear  up  with  dilute  hydrochloric  acid  added  drop  by  drop, 
slowly  and  with  frequent  shaking  toward  the  last  until  the  solution  is  clear.  Make 
a  solution  of  ammonium  acetate  by  neutralizing  strong  ammonia  with  acetic  acid 
sp.  gr.  1.04;  to  15  cc  of  this  solution  add  5  cc  of  acetic  acid,  sp.  gr.  1.04,  in  a  tall  beaker 
having  a  capacity  of  about  one  liter;  fill  the  beaker  about  seven-eighths  full  with  hot 
water,  so  that  the  mixture  will  have  a  temperature  of  70°  to  75°  C. ;  pour  the  solution  of 
phosphate  in  a  thin  stream  into  the  dilute  hot  solution  of  the  ammonium  acetate, 
stirring  constantly.  The  precipitated  phosphates  of  iron  and  aluminum  are  allowed 
to  settle,  and  after  becoming  clear  the  greater  part  of  the  supernatant  fluid  is  siphoned, 
off,  the  beaker  is  filled  up  again  with  hot  water  at  about  70°,  again  allowed  to  settle, 
and  the  supernatant  fluid  is  siphoned  off. 

The  remainder  in  the  beaker  is  now  filtered  off  on  a  large,  rapid  filtering  paper 
(S.  &  S.  black  band  ashless)  washed  thoroughly  with  hot  water  containing  ammonium 
nitrate,  keeping  the  precipitate  on  the  filter  well  stirred  up  with  a  strong  jet  from  the 
wash  bottle.  Ignite  at  a  low  temperature,  till  the  paper  is  charred,  increase  heat 
until  the  paper  is  fully  consumed,  and  finally  blast  for  a  minute.  The  weight  of  the 
precipitate  in  centigrams  gives  the  percentage  of  the  mixed  oxids. 

It  is  desired  that  in  the  last  two  methods  the  percentage  of  the  mixed  oxids  of  iron 
and  alumina  be  given  and  also  that  the  oxid  of  iron  be  determined  separately  by  any 
volumetric  method  preferred  by  the  analyst,  always  observing  the  precaution  of 
oxidizing  the  organic  matter  to  be  found  in  solutions  of  phosphate  rock  by  digesting 
with  potassium  chlorate  and  boiling  off  the  excess  of  chlorin  previous  to  the  reduction 
and  titration. 
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The  referee  desires  to  remind  the  analysts  cooperating  in  this  work  that  it  has  been 
undertaken  under  the  auspices  of  the  A.  0.  A.  C.  for  the  purpose  of  establishing,  if 
possible,  a  standard  method  for  the  estimation  of  iron  and  alumina  which  should  have 
the  indorsement  of  the  association.  At  present  all  is  chaos,  and  when  two  chemists 
differ  on  iron  and  alumina  it  is  impossible  to  say  who  is  right  and  who  is  wrong. 

The  great  majority  of  rock  sales  to-day  are  settled  either  by  Gladding  method  or  by 
the  Glaser  method,  as  outlined  above. 

The  referee  submits  the  above  modification  of  the  acetate  method,  which  he  believes 
to  be  simpler  and  fully  as  accurate  as  the  others,  and  will  welcome  the  comments 
and  criticisms  of  the  analysts  when  they  have  completed  the  work  on  the  three  samples 
by  the  methods  outlined  above.  In  regard  to  the  synthetic  solution  sent,  the  referee 
would  say  that  it  was  not  practicable  to  send  more  than  300  cc  to  each  analyst,  but 
that  in  his  opinion  one-half  gram,  or  50  cc,  is  sufficient  for  any  of  the  tests  required, 
and  used  in  this  way  there  is  sufficient  of  the  synthetic  solution  for  six  tests. 

Reports  were  received  from  six  chemists  cooperating  in  the  work  on  iron  and  alu- 
mina, whose  results  are  given  in  the  following  tables: 

Determination  of  iron  and  alumina  in  Tennessee  and  Florida  rock. 

TENNESSEE  ROCK. 


Determination. 

Method  of— 

Analyst. 

Gladding. 

(i  laser. 

Mi2snd"   Veiteh- 

Von 
Grueber. 

[Fe!03 

Per  cent. 
2. 79-2.  79 
3.  .50-3. 44 

Per  cent 

Percent.     Percent. 

Per  cent. 

A1203 

Stilhvell  and  Gladding,  New- 

I     Total 

1    Average 

fFe203 

York  City. 

6. 29-6. 23 
6.26 

6.  SO 

6.20    

6.10    

3.17 
3.50 

F.  P..  Carpenter,  by  R.  Henry, 
Richmond,  Va. 

ai2o3 

1     Total 

fFezCh 

IAI2O3 

1     Total 

[Fe20, 

6.67 

6. 48            7. 20 



3.06 
2.29 

3.06 
3.92 

|... 

Co. 

"5.35 

6.98 

3.22 
3.21 

3.22 

IAI2O3 

1     Total 

3.68 

P.  Rudniek,  by  G.  P.  Beyer, 

Chicago,  111.6 

6.43 

7.04 

6.19    

6.90 

fFesOa 

3.04 
3.26 

1  AI2O3. .. 

kinson,  Atlanta,  Ga. 

1    Total 

1  FejO  

JAlsOa 

(    Total 

6.30 

6.48 

6.22 

2.91 
3.21 

S.  H.  Wilson,  Georgia  Depart- 
ment of  Agriculture. 



6.12 

5.86 

5.90    ' 

2. 92-2.  92 

AUO3.  . 

0.  M.  Shedd,  Kentucky  sta- 

I    Total 

1    Average 



tion. 

6. 39-6. 49 
6.  1 1 

4.32-1.13    ' 

o4.22      . 

6.35 

6.60 

"  Omitted  from  average. 

I  Per  cent  calculated  from  average  <>f  three  determinations. 
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Determination  of  iron  and  alumina  in  Tennessee  and  Florida  rock — Continued. 

FLORIDA  ROCK. 


* 

Determination. 

Method  of— 

Analyst. 

Gladding. 

Glaser. 

McCand- 
less. 

Veitch. 

Von 

Gnieber. 

fFe203 

Per  cent. 
1.71 
1.49 

Per  cent. 

Per  cent. 

1. 70-1. 75 

.  92-1. 00 

Per  cent. 

Per  cent. 

AI2O3 

Stilhvell  and  Gladding,  New 

]    Total 

York  City. 

3.20 

3.51 

2. 62-2.  75 
2.68 

(Fe203 

1.85 
.94 

F.  B.  Carpenter,  by  R.  Henry 
Richmond,  Va. 

IAI2O3   . 

1    Total 

fFe203 

2.79 

2.73 

2.89 

1.65 
.66 

1.65 
1.33 

JAI2O3   .. 

Co. 

[    Total 

(Fe203 

2.31 

2.98 

1.86 
1.03 

1.86 

AI2O3.  .. 

1.53 

P.  Rudnick,  by  G.  F.  Beyer, 

I    Total 

Chicago,  Ill.a 

2.89 

3.48 

1.95-1.97 
a  1.96 

3.43 

fFe203 

1.73 
.94 

JAI2O3 

kinson,  Atlanta,  Ga. 

[    Total 

fFe203 

2.67 

3.90                2.72 

1.68 
.90 

S.  H.  Wflson,  Georgia  Depart- 
ment of  Agriculture. 

JAI2O3   . 

1    Total 

fFc203 

2.58 

2.96  |             2.62 

1.68-1.66 
1.67 

AI2O3. .. 

0.  M.  Shedd,  Kentucky  sta- 

I   Total 

tion. 

2.  96-2. 98 
2.97 

ol.  50-1. 69 

2.74 

3.30                2.69 

a  Per  cent  calculated  from  average  of  three  determinations. 
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Determination  of  iron  and  alumina  in  synthetic  solution. 
[Synthetic  solution— made  to  contain  3  per  cent  Fe20.3  and  2  per  cent.  A1203,  or  5  per  cent  combined  oxids.] 


Determination. 

Method  of— 

Analyst. 

Gladding. 

G  laser. 

McCand- 
less. 

W«-'(;S,. 

fFe203 

Per  cent. 
2.60 
3.68 

Per  cent. 

Per  cent. 
2.50 

2.73 

Per  cent.  Per  cent. 

AI2O3 

[    Total 

fFe?03  .. 

York  City. 

a6.28 

«  6. 12 

5.23 

F.  B.  Carpenter,  by  R.  Henry, 
Richmond,  Va. 

IAI2O3 



1    Total 

fFe203 

JAI2O3 

[    Total 

fFe203 

_ 

5.01 

5.83  i 

3.08 
1.86 

3.08 
1.86 

G.  Farnham,  Jarecki  Chemical 

Co. 

4.94 

4.94 

3.11 

2.15 

3.11 
1.50 

P.  Rudnick,  bv  G.  F.  Beyer, 
Chicago,  111.6 

Iai2o3.  .. 



1    Total 

fFe203 

5.26 

5.62 

4.61 

3.05 
2.06 

AI2O3 

I     Total 

(Fe203 

McCandless,  Burton,  and  At- 

kinson, Atlanta,  Ga. 

5.11 

5.  55-5.  60 
(5.  57) 

5. 07-5.  05 
(5. 06) 

2.91 
2.55 

S.  H.  Wilson,  Georgia  Depart- 
ment of  Agriculture. 

Iai2o3  . 

[    Total 

(Fe20-j 

5.46 

5.40 

5.18 

3. 12-3. 12 
(3. 12) 

A1203.  .. 

0.  M.  Shedd,  Kentucky  sta- 

1    Total 

tion. 

4.  92-4. 98 
(4.95) 

4. 10-4  08 

fl(4.24) 

5.28 

5.29 

5.02 

a  Omitted  from  average. 


b  Per  cent  calculated. 
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The  determination  of  iron  and  alumina  by  various  modifications  (Shedd).a 

GLADDING  METHOD. 


Modification. 

Florida 

rock 
(25198). 

Tennessee 

rock 

(25199). 

Referee's 

synthetic 

solution 

(25200), 

50  cc. 

Shedd's 

synthetic 

solution, 

50  cc. 

AI2O3  by  subtracting  FeP04  from  weight  of  FePC>4+ 
AIPO4  and  multiplying  by  0.419: 
First  determination 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

0  0108 

Second  determination 

Mean 

0110 

Theory 

0100 

Fe203  obtained  from  the  precipitate  of  FeP04+AlP04 
obtained  above: 
First  determination 

0193 

Second  determination 

0195 

Mean 

0194 

Fe203  obtained  from  independent  portions  of  50  cc  of  the 
solution: 
First  determination 

0194 

Second  determination 

.0194 

Mean 

.0194 

Theory 

0194 

1 

MODIFIED  ACETATE  METHOD. 


AI2O3  by  subtracting  FeP04,  etc.,  as  above: 

-0.10 
-  .05 

1.25 
1.09 

0. 0051 
.0058 

-0.0020 

-  .025 

1.17 

.0055 

Fe2034- AI2O.3  by  halving  the  weight  of  phosphates: 
First  determination 

1.50 
1.69 

4.32 
4.13 

.0205 
.0219 

.0158 

Mean 

1.60 

4.23 

.0212  1 

Fe203  from  independent  50  cc  portions  of  the  solution: 

1.74 
1.69 

3.03 
2.94 

.0157 
.0157 

Mean 

1.72 

2.99 

.0157  ' 

! 

GLASER  METHOD. 


A1203  by  subtracting  FeP04,  as  above: 

1.16 
1.17 

3.05 
3.13 

0. 0082 
.0084 

0.  0047 

Mean 

1.17 

3.09 

.0083 



Fe203+Al203  by  halving  the  weight  of  phosphates: 

2.96 
2.98 

6.39 
6.49 

.0246 
.0249 

.•0239 

2.97 

6.44 

.0248 

Fe203  from  independent  50  cc  portions  of  the  solution: 

1.68 
1.66 

2.92 
2.92 

1.67 

2.92 

a  Analyses  made  by  O.  M.  Shedd,  of  the  Kentucky  station,  but  received  too  late  to  incorporate  in  the 
report. 

73673— Bull.  122—09 10 
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DISCUSSION    OF   RESULTS. 

P.  Rudnieh  (results  by  G.  F.  Beyer):  Commenting  on  the  results  in  general,  I  do  not 
believe  that  any  of  the  methods  proposed  are  preferable  to  the  modified  Von  Grueber 
method  in  point  of  simplicity,  rapidity,  accuracy,  and  general  applicability  to  various 
kinds  of  rock.  Although  the  results  obtained  for  ferric  oxid  in  the  synthetic  solution 
prepared  in  this  laboratory  are  high,  they  agree  very  well  with  the  results  obtained 
by  the  determination  of  iron  in  the  precipitate  from  the  method  proposed  by  you, 
and  the  results  on  aluminum  by  the  modified  Von  Grueber  method  are  certainly  very 
close  to  the  calculated  quantity.  Although  I  have  not  had  lime  nor  opportunity  to 
prove  the  point,  I  am  inclined  to  believe  that  ammonium  acetate  is  not  sufficient  to 
prevent  the  partial  hydrolysis  of  the  aluminum  phosphate,  and  that  ammonium  nitrate 
is  more  efficient  in  this  respect.  I  believe  the  fairly  good  agreement  between  the 
results  by  the  Glaser  method  and  the  modified  Von  Grueber  method  obtained  in  this 
work,  as  well  as  at  other  times,  supports  this  view. 

S.  II.  Wilson:  For  simplicity  and  ease  of  execution  the  McCandless  laboratory 
method  leaves  little  to  be  desired. 

Remarks  by  the  referee:  On  the  whole  the  results  seem  to  be  encouraging  and  to  show 
that  all  three  of  the  methods  for  which  instructions  were  sent  are  capable  of  giving 
good  results.  One  analyst  used  the  Von  Grueber  method,  another  the  Veitch  method. 
A  study  of  the  results  on  the  synthetic  solution,  in  which  the  percentages  of  iron 
and  alumina  are  accurately  known,  reveals  a  tendency  on  the  part  of  those  getting 
the  lowest  results  on  the  phosphate  rocks  to  get  them  also  on  the  solution  and  vice 
versa;  excluding  the  lowest  and  highest  results,  the  agreements  and  approximations 
to  the  truth  are  about  as  good  as  would  be  found  in  the  determination  of  other  ele- 
ments, as,  for  instance,  phosphoric  acid  by  the  accepted  methods. 

The  referee  would  call  attention  to  the  fact  that  this  subject  has  been  taken  up 
by  the  National  Fertilizer  Association,  and  would  recommend  cooperation  between 
the  next  referee  and  the  committee  of  that  association,  with  a  view  to  reaching  a 
decision  as  to  what  method  shall  be  adopted. 

Effect  of  Dilute  and  Concentrated  Hydrochloric  Acid  on  Pyrites  in  Phos- 
phate Rock. 

The  referee  also  requested  the  analysts  cooperating  to  test  the  effect  of  dilute 
(1  to  1),  and  concentrated  hydrochloric  acid  as  to  its  solvent  effect  on  pyrites,  present 
to  a  greater  or  less  extent  in  nearly  all  phosphate  rock. 

It  has  been  claimed  on  the  one  hand  that  dilute  hydrochloric  acid  (1  to  1)  fails  to 
dissolve  all  the  iron  and  alumina,  especially  when  the  latter  is  present  in  the  form 
of  clay;  it  has  been  claimed,  on  the  other  hand,  that  concentrated  hydrochloric  acid, 
while  it  dissolves  the  alumina  and  iron  oxids  better  than  the  dilute,  also  decom- 
poses pyrites  present  in  the  phosphate  rock  and  therefore  yields  too  high  a  percentage 
of  iron.     Ii  is  desired  that  the  analysts  test  this  latter  point  as  follows: 

Procure  a  sample  of  freshly  pulverized  pyrites  and  weigh  half  a  gram  into  a  250  cc 
flask,  cover  with  25  cc  of  hydrochloric  acid  (  1  to  L),  heal  just  below  boiling  for  thirty 
minutes,  dilute  with  100  cc  of  water,  shako,  allow  to  settle,  decant  the  Liquid,  repeat 
the  washing  l>y  two  or  more  treatments  with  li'o  cc  of  cold  water  slightly  acidulated 
with  hydrochloric  acid,  followed  by  decantation.  This  preliminary  treatment  is  to 
remove  any  oxid  or  sulphate  of  iron  already  existing  in  the  pyrites.  Save  read}  2.5 
grams  of  phosphate  rock,  add  it  to  the  Mask  on  top  of  the  washed  pyrites,  then  covei 
with  30  cc  of  concentrated  hydrochloric  acid,  heat  just  below  boiling  for  thirty  minutes, 
cool  and  make  up  to  the  mark.  Determine  the  iron  volumetrically  in  an  aliquot 
of  the  solution  and  compare  the  results  with  that  obtained  from  a  similar  treatment 
of  phosphate  rock  and  pyrites  with  dilute  hydrochloric  arid  |  I  to  1)  the  second  time. 

Only  two  chemists  beside  the  referee  took  part  in  this  work 
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Solvent  effect  of  dilute  and  concentrated  hydrochloric  acid  on  -pyrites. 


* 

Analyst. 

Phosphate 
rock. 

2.5  grams  rock  and 
0.5  gram  pyrites. 

Concen- 
trated HC1. 

Dilute  IK'l. 

G.  F.  Beyer,  Chicago,  111 

3.51-3.51 

3. 5-3. 60 

2.91 

3. 49-3. 52 

G.  Farnhain,  Jarecki  Chemical  Co 

J.  M.  McCandless,  Atlanta,  Ga 

3.48-3.50 

3. 50-3. 47 

While  one  of  the  results  in  the  above  table  must  be  explained,  the  referee  is  con- 
vinced from  a  number  of  tests  made  years  since  that  neither  dilute  nor  concentrated 
hydrochloric  acid  has  any  appreciable  effect  on  pyrites,  and  would  therefore  recom- 
mend the  use  of  the  concentrated  acid  in  the  solution  of  phosphate  rock,  heating  for  a 
definite  time. 

Of  course,  the  use  of  sulphuric  acid  of  50°  B.  (which  also  has  no  action  on  pyrites), 
followed  by  solution  in  dilute  hydrochloric  acid,  would  more  nearly  approximate 
actual  conditions,  and  it  might  be  well  if  the  next  referee  would  investigate  this  method 
of  solution  as  compared  with  simple  solution  in  concentrated  hydrochloric  acid. 

Examinations  op  Solutions  of  Ammonium  Citrate  for  Neutrality. 

As  the  referee  was  to  decide  whether  the  solutions  were  neutral  or  not,  and  as  no 
two  chemists  agree  on  the  exact  point  of  neutrality,  whether  from  lack  of  sensitiveness 
of  the  indicators,  or  color-blindness  on  the  part  of  the  operators,  he  decided  to  make 
an  analysis  of  each  sample  according  to  the  method  outlined  in  his  last  report  to  the 
association,  and  be  guided  by  those  results  in  deciding  upon  neutrality.  The  follow- 
ing method  of  analysis  was  adopted: 

Twenty-five  cubic  centimeters  of  each  solution  was  pipetted  into  a  250  cc  flask, 
made  to  mark,  shaken,  and  25  cc  pipetted  into  a  distillation  flask;  to  the  solution  in 
the  flask,  40  cc  of  fourth-normal  caustic  soda  solution  were  added,  and  the  contents  of 
the  flask  distilled  into  20  cc  of  half-normal  acid,  continuing  the  distillation  until  the 
volume  of  the  distillate  measured  from  65  to  70  cc.  The  ammonia  in  the  distillate 
was  then  titrated  by  means  of  tenth-normal  alkali.  The  residue  in  the  retort  was 
washed  into  an  Erlenmeyer  flask,  excess  of  standard  acid  added,  then  a  few  drops  of 
phenolphthalein,  and  the  excess  estimated  by  means  of  tenth-normal  alkali.  From 
the  result  the  weight  of  citric  acid  originally  combined  with  the  ammonia  was  cal- 
culated. Calculating  from  the  formula  of  the  pure  salt,  (NH4)  3C6H507,  that  the  ratio 
of  ammonia  (NH3)  to  citric  acid  was  as  1  to  3.765,  a  basis  of  comparison  was  established. 
The  results  obtained  are  given  in  the  table  below.  As  only  three  official  chemists 
sent  their  solutions,  the  analysts  are  designated  by  number  and  not  by  name. 

Determination  of  neutrality  of  ammonium  citrate  solutions. 


Number  of 
analyst. 

Ammonia  in 

25  cc  of  diluted 

solution=2i  cc 

original. 

Citric  acid  in 

25  cc  of  diluted 

solution=2i  cc 

original. 

Ratio  of  am- 
monia to 
citric  acid. 

Ratio  in  neu- 
tral salt 
(NH4)3C6 
H507. 

Reaction  with 
corallin. 

1 

Milligrams. 
113.9 
109.3 
104.9 
113.7 
110.5 
111.5 
108.7 
104.7 
102.8 

Milligrams. 
433.2 
412.8 
424.96 
433.9 
430.  OS 
436.  48 
421.1 
398.7 
430.7 

1: 3. 803 
1:  3.  775 
1:4.051 
1:3.810 
1:3.891 
1:3.915 
1:3.874 
1:3.808 
1:4.189 

1:3.765 
1:3.765 
1:3.765 
1:3.765 
1:3.765 
1:3.765 
1:3.765 
1:3.765 
1:3.765 

Neutral. 

2 

Alkaline. 

3 

Acid. 

A 

Neutral. 

Slightly  acid. 

6 

Acid. 

Slightly  acid. 
Neutral. 

9 

Acid. 

us 

In  this  table  all  the  solutions  which  showed  materially  more  citric  acid  than  3.765 
parts  to  1  of  ammonia  also  showed  a  decidedly  acid  reaction  to  corallin. 

It  appears  that  some  chemists  prepare  their  ammonium  citrate  solution  by  treating 
the  citric  acid  with  excess  of  ammonia  and  then  leave  the  hot  solution  to  neutralize 
itself,  or  finally  adjust  it.  some  by  means  of  red  and  blue  litmus  paper,  others  by  cor- 
allin. Some  state  that  they  have  never  been  successful  in  the  use  of  corallin:  others 
adjust  finally  by  means  of  the  alcoholic  solution  of  calcium  chlorid.  In  the  opinion 
of  the  referee,  ii  a  chemist  has  succeeded  in  getting  his  solution  neutral  or  practically 
so.  he  will  almost  certainly  put  it  out  of  joint  by  attempting  to  make  it  exact  with  the 
calcium  chlorid  solution.  The  referee  finds  that  an  alcoholic  calcium  chlorid  solution 
which  is  exactly  neutral  to  corallin  is  acid  to  phenolphthalein.  and  alkaline  to  cochineal ; 
that  after  the  precipitation  of  the  citric  acid  from  10  cc  of  the  ammonium  citrate  solution 
by  50  cc  of  the  calcium  chlorid  solution,  calcium  citrate  still  remains  in  solution  in  the 
filtrate,  which  may  be  proved  by  boiling  some  of  the  clear  solution,  when  a  precipitate 
of  calcium  citrate  will  appear.  The  presence  of  this  salt,  in  the  opinion  of  the  referee, 
renders  the  use  of  cochineal  as  indicator  unreliable.  One  of  the  solutions  in  the  above 
table,  which  is  the  most  acid  of  all  by  analysis,  was  neutralized  in  this  way.  There 
are  materials  (notably  fertilizers  containing  bone  I  on  which  a  slight  difference  in 
neutrality  of  the  ammonium  citrate  solution  makes  a  great  difference  in  the  results.  It 
is  a  reproach  to  the  association  that  it  has  suffered  the  matter  to  remain  in  its  present 
condition  so  long.  While  the  referee  has  a  strong  personal  conviction  that  the  only 
proper  method  of  making  the  solution  neutral  is  by  analysis  and  calculation  of  the 
exact  quantity  of  ammonia  or  citric  acid  to  be  added  to  it.  still  he  hesitates  to  urge  it 
officially,  as  no  work  has  yet  been  done  by  any  other  referee  along  this  line,  and  because 
the  referee  is  himself  no  longer  an  official  chemist. 

The  referee  desires  to  acknowledge  the  valuable  aid  and  suggestions  of  Mr.  J.  Q. 
Burton  in  all  of  this  work  and  the  analytical  assistance  of  Mr.  F.  C.  Atkinson. 

THOMAS   SLAG. 

By  J.  B.  Lixdsey. 

Thomas  slag  or  basic  phosphatic  slag  is  a  by-product  in  the  modern  method  of  steel 
manufacture  from  ores  containing  noticeable  quantities  of  phosphorus.  The  pi 
of  removing  the  phosphorus  from  the  ore  was  discovered  by  the  English  engineers 
Gilchrist  and  Thomas  and.  briefly  stated,  consists  in  adding  to  the  so-called  •"con- 
verter" containing  the  molten  ore  a  definite  quantity  of  freshly  burned  lime,  which 
after  a  powerful  reaction  is  found  to  be  united  with  the  phosphorus  and  swims  upon 
the  surface  of  the  molten  steel  in  the  form  of  a  slag. 

Composition. 

The  composition  oi  the  Thomas  oi  Belgian  Blag  varies  according  to  the  character  of 
th«-  ore  and  the  success  of  the  process  for  removing  the  impuritic.-.  The  following 
figures  show  such  variations:  a 

Per  cent. 

Phosphoric  acid 11  -23 

Silicic  acid «M.3 

Calcium  oxid    lime :-»s-59 

Ferrous  and  ferric  oxids 6  -'•"> 

Protoxid  of  manganese 1-6 

Alumina 0.2 

Magnesia 2-8 

Sulphur 0.2     1.  1 


a 


Adolf  Mayer,  Agricultur  Chemie,  6th  ed.,  vol.  2,  pt.  •-'.  pp.  138-139. 
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More  or  less  metallic  iron  is  inclosed  in  the  coarse  slag  which  is  generally  thoroughly 
removed  from  the  ground  material  by  the  magnet. 

Manurial  Value. 

The  manurial  value  of  the  slag  was  not  recognized  for  a  long  time.  Finally  experi- 
ments revealed  that  a  considerable  portion  of  its  phosphoric  acid  was  soluble  in  dilute 
citric  and  carbonic  acids,  which  led  to  successful  field  experiments.  The  only  prepa- 
ration of  the  slag  for  fertilizing  purposes,  when  its  value  was  first  recognized,  consisted 
in  having  it  finely  ground  in  especially  prepared  mills,  so  that  75  per  cent  would  pass 
through  a  sieve  with  perforations  0.17  mm  in  diameter.  This  requirement  was  sug- 
gested by  M.  Fleischer,  who  used  the  slag  with  much  success  in  improving  the  condi- 
tion of  marsh  and  meadow  lands. 

Methods  for  Determining  Availability  and  Adulteration. 

Previous  to  1890,  by  means  of  pot  experiments,  as  well  as  by  laboratory  investiga- 
tions, Wagner  demonstrated  that  the  phosphoric  acid  in  different  slags  of  the  same 
degree  of  fineness  varied  in  its  availability  from  30  to  90  or  more  per  cent,  and,  further, 
that  many  brands  were  adulterated  with  Belgian  or  other  insoluble  mineral  phos- 
phates. The  method  therefore  of  determining  the  value  of  a  slag  by  the  percentage 
of  total  phosphoric  acid  present  and  the  degree  of  fineness  was  of  secondary  impor- 
tance. 

In  order  to  detect  adulteration  with  mineral  phosphates,  Wagner  originally  used  a 
dilute  sulution  of  citrate  of  ammonia  and  free  citric  acid.°  The  phosphoric  acid  in 
all  of  the  mineral  phosphates  was  sparingly  soluble  in  such  a  reagent,  while  an  unadul- 
terated, high-grade  slag  gave  up  80  to  90  parts  of  its  phosphoric  acid.  Further  investi- 
gations on  various  soils  with  many  brands  of  slag  made  clear  that  the  results  obtained 
from  pot  experiments  corresponded  quite  well  with  those  secured  by  means  of  the 
citric-acid  solution.     This  may  be  illustrated  as  follows: 

Determination  of  the  availability  of  phosphoric  acid. 


Brand  of 
slag. 

Phosphoric  acid  avail- 
able. 

In  citric- 
acid  solu- 
tion. 

In  pot  ex- 
periments. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

100 
85 
81 
72 
73 
76 
39 
48 
42 
45 
38 

100 
80 
72 
72 
66 
63 
40 
38 
38 
31 
30 

Results  similar  to  these  were  secured  by  Maercker,&  who  stated  that  "the  results 
removed  all  doubt  that  the  citrate  solubility  and  plant  experiments  were  so  nearly 
proportioned  that  one  had  the  same  right  to  value  the  slag  according  to  its  content  of 
phosphoric  acid  soluble  in  citrate  solution  as  to  value  the  superphosphate  by  its  con- 
tent of  water-soluble  phosphoric  acid." 

aChemiker  Zeitung,  1895,  No.  63;  also  Diingungsfragen,  1896,  No.  1,  p.  16. 
&Landw.  Presse,  1895,  No.  82. 
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Aa  a  result  of  these  investigations  the  union  of  German  experiment  stations  at  its 
meeting  at  Kiel,  in  September,  1896,  adopted  the  method  »  of  determining  the  rela- 
tive value  of  the  slag  according  to  its  phosphoric  acid  solubility  in  a  2  per  cent  citric 
acid  solution  and  did  away  with  the  previous  standard  of  total  phosphoric  acid  and 
fineness. 

Wagner,  as  well  as  Maercker,  repeatedly  called  attention  to  the  fact  that  experi- 
ment^ both  in  the  laboratory  and  with  plants  gave  positive  evidence  that  those  slags 
of  like  phosphoric  acid  content  which  were  richest  in  silicic  acid  gave  the  best  results. 
G.  Hoyermann,  working  independently,  came  to  similar  conclusions.  At  the  present 
time,  according  to  Wagner,  practically  all  of  the  iron  works  treat  the  molten  slag  as  it 
flows  from  the  converter  with  hot  quartz  sand,  with  the  result  that  the  availability  of 
the  phosphoric  acid  is  increased  from  10  to  30  per  cent.b 

Chemical  Combination  of  Phosphoric  Acid  in  Slao. 

The  form  in  which  the  phosphoric  acid  exists  in  the  slag  has  never  been  fully 
explained.  It  was  formerly  supposed  that  it  was  combined  with  lime  as  a  tetraeal- 
cium  phosphate  and  the  latter  being  less  stable  than  tricalcium  phosphate  became 
easily  available  to  the  plants  by  being  decomposed,  under  the  influence  of  dilute 
acids,  into  the  calcium  salt  of  the  dissolving  acid  and  dicalcium  phosphate.  The 
tetralime  phosphate,  however,  has  never  been  made  artificially, c  although  it  has 
been  recognized  by  the  aid  of  the  microscope  in  the  slag  and  exists  as  a  mineral  under 
the  name  of  isoklas. 

More  recent  investigations  having  shown,  as  already  indicated,  that  those  slags  richest 
in  silicic  acid  of  like  phosphoric  acid  content  gave  the  best  results,  the  conclusion 
followed  that  a  part  of  the  lime  must  be  in  the  form  of  lime  silicate.  It  is  now  gen- 
erally held,  especially  by  Wagner, d  that  the  phosphoric  acid  is  combined  in  the  slag 
as  a  double  salt  of  tricalcium  phosphate  and  calcium  silicate  and  that  in  this  form 
the  roots  are  able  to  utilize  it.  It  is  also  believed  probable  that  some  of  the  phosphoric 
acid  is  more  or  less  united  with  iron  as  a  basic  iron  phosphate. 

The  Use  of  Phosphatic  Slag. 

Basic  slag  has  been  shown  to  work  especially  well  upon  sour  marsh  and  meadow 
lands,  upon  porous,  well-aired  soils  rich  in  humus,  and  upon  sandy  soils  deficient 
in  lime. 

When  a  rapid  development  of  the  crop  is  not  desired,  the  slag  may  be  used  exclu- 
sively in  place  of  acid  phosphate.  On  the  other  hand,  in  cases  when  it  is  feared  that 
the  crop  will  not  mature  early  enough  upon  heavy,  cold  land  and  in  high  altitudes 
where  the  season  is  short,  acid  phosphate  should  be  given  the  preference. 

The  phosphoric  acid  in  slag  is  comparable  in  its  quickness  of  action  to  nitrogen  in 
barnyard  manure,  tankage,  and  green  crops;  and  the  phosphoric  acid  in  acid  phosphate 
to  the  action  of  nitrogen  in  nitrate  of  soda.  A  combination  of  Blag  and  sulphate  of 
potash  (500  pounds  of  Blag  and  100  pounds  of  potash  )  has  been  found  to  work  especially 
well  upou  grass  land  and  to  be  very  favorable  to  the  development  of  clover. 

"  Method  slightly  modified  from  the  original.  Present  method  described  in  Kdnig's 
Dntersuchung  landwirtschaftlich  und  gewerblich  wich tiger  Stoffe,  3d  ed.,  pp.  17:'.  17  1. 

6  Loc.  cit.;  also  Wagner,  Anwendung  kunstlicher  Dungemittel,  pp.  7  1  -75. 

<  Bilgenstock,  Jahresber.  chem.  Technologic,  L887,  p.  282,  after  Adolf  Mayer,  loc. 
cit. 

d  Loc.  cit. 
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Quantity  of  Slag  per  Acre. 

If  the  soil  Is  particularly  deficient  in  phosphoric  acid,  one  can  use  as  high  as  from 
800  to  900  pounds  of  slag  to  the  acre,  plowed  in  and  supplemented  with  200  pounds  of 
acid  phosphate  in  the  hill  or  drill. 

If,  on  the  contrary,  the  soil  is  naturally  rich  in  phosphoric  acid  or  has  been  made  so 
by  large  additions  of  slag  for  several  consecutive  years  (1,000  or  more  pounds  yearly) 
then  it  is  necessary  only  to  replace  from  year  to  year  the  amount  removed  by  the 
crop.  In  such  cases  Maercker  states  that  one  part  of  phosphoric  acid  in  basic  slag  is 
as  valuable  as  an  equal  amount  in  acid  phosphate. 


VALUATION   OF  PHOSPHORIC  ACID  IN  BASIC  SLAG. 
By  H.  D.  HaskixVs. 

Thomas  basic  slag  is  being  used  in  Massachusetts  and  some  of  the  other  New  England 
States  more  extensively  each  year,  and  it  is  therefore  highly  desirable  that  more 
satisfactory  methods  of  analyzing  and  valuing  this  product  be  worked  out  by  the 
association. 

At  the  last  meeting  of  the  association  the  referee  on  phosphoric  acid  recommended 
that  the  phosphoric  acid  in  Thomas  basic  slag  be  valued  by  the  degree  of  fineness  of 
the  slag  along  the  same  lines  as  are  employed  in  the  case  of  ground  bone,  but  the 
recommendation  did  not  specify  the  diameter  of  the  openings  in  the  sieve  used  in  the 
mechanical  separation.  If  valued  by  its  fineness  the  diameter  of  the  openings  in  the 
sieve  used  for  this  purpose  is  obviously  of  great  importance,  as  is  shown  by  the  follow- 
ing results:  Two  samples  of  slag  were  analyzed  mechanically  by  the  use  of  100-,  50-, 
and  25-mesh  sieves,  the  latter  having  circular  openings  one-fiftieth  of  an  inch  in 
diameter. 

Comparison  of  amount  and  value  of  phosphoric  acid  available  by  using  sieves  of  different 

sized  mesh. 


Sam- 
ple. 

Total 
P2O5. 

Mechanical  analysis. 

Valuation. 

100-mesh  sieve. 

50-mesh  sieve. 

25-mesh  sieve. 

100-mesh 
sieve. 

50-mesh 
sieve. 

25-mesh 
sieve. 

Fine. 

Coarse. 

Fine.      Coarse. 

Fine. 

Coarse. 

1 
2 

Per  cent. 
17.45 
17.96 

Per  ct. 
68.47 
71.83 

Per  cent. 
31.53 
28.17 

Per  ct.    Per  cent. 
89.64  1      10.36 
90.74          9.26 

Per  ct. 
93.72 
94.97 

Per  cent. 
6.28 
5.03 

Dollars. 
12.86 
13.36 

Dollars. 
13.59 
14.04 

Dollars. 
13.  74  ! 
14.18  ■ 

An  average  of  the  two  samples  shows  that  94.34  per  cent  of  the  slag  passes  a  25-mesh 
sieve,  90.19  per  cent  passes  a  50-mesh  sieve,  and  only  70.15  per  cent  passes  a  100-mesh 
sieve .  Looking  at  the  matter  from  the  point  of  valuation,  we  find  that  allowing  4  cents 
for  the  phosphoric  acid  in  the  fine  and  3  cents  for  the  phosphoric  acid  in  the  coarse 
slag,  the  average  valuation  of  the  two  samples  of  slag  by  use  of  the  25-mesh  sieve 
would  be  $13.96,  by  use  of  the  50-mesh  sieve  $13.81,  and  by  use  of  the  100-mesh  sieve 
only  $13.11;  a  difference  of  nearly  $1  per  ton  in  the  extremes. 

The  next  question  to  be  considered  is  whether  this  method  of  valuing  the  phos- 
phoric acid  in  basic  slag  is  a  safe  one  for  us  to  adopt.  During  the  month  of  August 
the  writer's  attention  was  called  to  a  product  put  forth  in  large  quantities  in  northern 
New  York.  The  material  was  a  waste  product  said  to  be  largely  apatite  and  quartz, 
coming  from  iron  ore  used  in  that  locality .  It  was  finely  ground,  69 .44  per  cent  passing 
a  100-mesh  sieve,  and  contained  16.78  per  cent  of  total  phosphoric  acid;  the  phos- 
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phoric  acid  in  this  material,  however,  by  the  Wagner  method  of  analysis  showed 
only  1.029  per  cent  of  available  phosphoric  acid  or  6.13  per  cent  of  the  whole,  while  the 
basic  Blag  by  this  same  method  showed  15.48  per  cent  of  available  phosphoric  acid  or 
87.4  per  cent  of  the  whole.  The  point  in  making  mention  of  this  apatite  is  to  show 
that  in  case  the  phosphatie  slag  is  adulterated  with  material  of  this  nature  the  mechan- 
ical method  of  valuing  the  slag  would  prove  decidedly  misleading,  and  it  is  because 
of  this  that  the  method  of  valuing  the  phosphoric  acid  in  basic  slag  has  become  obsolete 
in  European  countries. 

During  the  past  year  the  writer  has  had  experience  with  the  Wagner  method  of 
determining  available  phosphoric  acid  in  basic  slag  and  the  valuations  of  this  material 
that  appear  in  our  fertilizer  bulletin  have  been  based  on  this  method. 

The  Wagner  method  as  used  in  foreign  countries  has  shown  results  agreeing  elosely 
with  those  obtained  in  field  trials.     It  is  as  follows: 

Weigh  5  grams  of  the  slag  and  transfer  it  to  a  half-liter,  bottle-shaped  flask  containing 
5  cc  of  alcohol  to  prevent  the  slag  from  adhering  to  the  flask.  Make  up  to  the  mark 
with  a  2  per  cent  citric  acid  solution  at  17.5°  C.  The  flask  is  fitted  with  a  rubber 
stopper  and  put  at  once  into  a  rotary  apparatus  for  thirty  minutes,  making  thirty  to 
forty  revolutions  per  minute.  At  the  end  of  a  half  hour  the  solution  is  immediately 
filtered  and  the  phosphoric  acid  is  determined  in  an  aliquot  part  of  the  clear  solution 
by  means  of  molybdic  solution  in  the  usual  manner. 

The  analysis  of  two  samples  of  slag  by  this  method  at  the  Massachusetts  experiment 
station  shows  the  following  close  agreement.  Xo.  1,  available  phosphoric  acid, 
15.42  and  15.38;  No.  2,  15.81  and  15.75. 

In  case  of  a  bona  fide  sample  of  basic  slag  the  valuation  based  upon  mechanical 
analysis  by  use  of  a  100-mesh  sieve  agrees  closely  with  the  valuation  based  on  the 
availability  of  the  phosphoric  acid  by  the  Wagner  method.  In  case,  however,  of  a 
sample  of  slag  adulterated  with  the  natural  mineral  phosphate,  the  valuation  based 
on  mechanical  fineness  is  obviously  open  to  severe  criticism.  I  think  this  question 
of  sufficient  importance  to  warrant  a  motion  that  I  would  herewith  make,  that  the 
referee  on  phosphoric  acid  be  instructed  to  make  a  study  of  the  Wagner  method  of 
analysis  with  samples  of  basic  slag  and  natural  mineral  phosphates,  with  a  view  to  its 
adoption  as  an  official  method  for  the  determination  of  available  phosphoric  acid  in 
basic  slag. 

The  papers  by  Mr.  Lindsey  and  Mr.  Raskins  relating  to  the  valua- 
tion of  phosporic  acid  in  basic  slag  were  referred  to  Committee  A  for 
action  on  recommendations  contained  therein. 


REPORT    ON    DAIRY    PRODUCTS. 

J.  M.  Bartlett,  Referee. 

According  to  instructions  given  by  vote  of  the  association  last  year  the  referee  has 
continued  the  ^tudy  of  analytical  methods  for  condensed  milks.  The  results  reported 
at  the  last  meeting  indicated  that  the  analysis  of  the  sweetened  product  presented 
much  greater  difficulties  than  the  unsweetened,  particularly  in  the  determination  of 
fat ;  therefore,  the  referee  decided  to  confine  the  work  to  one  brand  only,  the  sweetened 
milk.  Twenty-six  analysts  signified  a  desire  to  cooperate,  but  not  all  of  them  were 
official  chemists,  many  being  commercial  chemists  more  or  less  directly  interested  in 
food  analysis. 

Samples  or  Milk. 

On  about  April  1,  a  can  of  Bweetened  condensed  milk  together  with  a  copy  oi  instruc- 
tion- was  sent  to  each  chemist  requesting  the  same.  It  was  first  intended  to  get  a 
quantity  of  milk  in  hulk,  thoroughly  mix  it  in  the  laboratory,  and  .-end  <>ut  the  samples 
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in  bottles  to  insure  uniformity,  but  a  letter  from  the  Borden  Company,  who  furnished 
the  samples,  describing  their  process,  whereby  the  milk  is  continuously  agitated 
until  it  reaches  the  cans,  convinced  the  writer  that  all  cans  from  the  same  batch 
must  be  as  uniform  as  it  is  possible  to  make  them. 

INSTRUCTIONS    FOR   ANALYSIS    OF   CONDENSED    MILK. 

Preparation  of  sample. 

Mix  thoroughly  by  transferring  the  contents  of  a  can  to  some  dish  sufficiently  large 
to  thoroughly  stir  and  make  the  whole  homogeneous.  Weigh  40  grains  into  a  100  cc 
flask  and  make  up  to  the  mark  with  water. 

Total  solids. 

Method  A. — Dilute  a  measured  portion  of  the  above  40  per  cent  solution  with  an 
equal  amount  of  water.  Use  5  cc  of  the  diluted  mixture  and  proceed  as  in  the  case 
of  milk  analysis  according  to  the  method  given  in  Bulletin  107,  page  117,  Method  I, 
drying  either  on  sand  or  asbestos  fiber. 

Method  B. — Use  Leach's  method  which  is  as  follows:  Dilute  a  portion  of  the  40  per 
cent  solution  with  an  equal  amount  of  water  and  take  enough  of  this  solution  to 
represent  1  gram  of  the  condensed  milk.  Put  in  a  tared  platinum  dish  which  will 
hold  at  least  25  cc  and  still  further  dilute  with  water  until  the  dish  is  nearly  full, 
rinsing  the  pipette  into  the  dish,  then  allow  the  dish  to  remain  in  contact  with  live 
steam  for  at  least  two  hours  after  the  last  traces  of  the  water  have  apparently  been 
evaporated,  then  transfer  to  the  drying  oven  for  a  few  minutes,  cool  in  the  desiccator 
and  weigh. 

Ash. 

Ignite  the  residue  from  total  solids,  cool  and  weigh  in  the  usual  manner. 

Protein . 

Determine  nitrogen  by  Kjaldahl  or  Gunning  method  in  5  cc  of  the  40  per  cent 
solution  and  multiply  by  6.25. 

Lactose. 

Dilute  50  cc  of  the  40  per  cent  solution  in  a  250  cc  flask  to  about  200  cc.  add  6  cc 
of  Fehling's  copper  sulphate  solution,  and  make  up  to  the  mark,  filter  through  a  dry 
filter  and  determine  lactose  as  follows: 

Take  25  cc  each  of  the  copper  sulphate  and  alkaline  tartrate  solution,  add  50  cc 
water  and  bring  to  boiling,  then  add  25  cc  of  the  filtered  milk  solution  and  boil  two 
minutes  (by  longer  boiling  the  sucrose  appears  to  throw  down  some  copper),  remove 
from  the  lamp  and  allow  to  settle  one  or  two  minutes  then  filter  on  a  gooch  crucible 
in  the  usual  manner,  weighing  the  cuprous  oxid  after  drying  at  100  degrees.  Give 
weights  of  cuprous  oxid  found  as  well  as  percentages  of  lactose  so  methods  of  calcula- 
tion can  be  compared.  Also,  if  possible,  determine  lactose  by  polariscope  in  this 
solution. 

Sucrose. 

Place  25  cc  of  the  above  solution,  used  to  determine  lactose,  in  a  100  cc  flask.  Add 
50  cc  of  water  and  0.75  of  a  gram  of  citric  acid  and  heat  on  the  steam  bath  for  thirty 
minutes,  nearly  neutralize  with  sodium  hydroxid  and  determine  total  sugars  in  25  cc 
with  Fehling's'  solution  in  the  usual  manne1',  giving  the  weight  of  cuprous  oxid  as 
well  as  the  percentages  of  sucrose.  Also  determine  sucrose  by  difference,  subtracting 
the  lactose,  protein,  fat  and  ash  from  total  solids. 

Fat. 

Method  A. — Determine  by  double  extraction  method.  (See  Bureau  of  Chemistry, 
Circular  32,  p.  6.) 

Method  B.—By  the  Babcock  centrifugal  method  using  the  modification  given  in 
Bulletin  107,  page  123. 

Method  C. — The  Gottlieb  method,  the  directions  for  which  are  as  follows: 

Ten  cubic  centimeters  of  milk  are  measured  into  a  glass  cylinder  three-fourths  inch 
in  diameter  and  about  14  inches  long  (see  Landw.  Vers.  Sta.,  40  :6;  a  100  cc  burette 
or  a  eudiometer  tube  will  do) :  1  cc  of  concentrated  ammonia  is  added  and  mixed  well 
with  the  milk.  The  following  chemicals  are  next  added,  in  the  order  given:  10  cc  of 
92  per  cent  alcohol,  25  cc  of  washed  ether,  and  25  cc  petroleum  ether  (boiling  point 
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below  80°  C),  the  cylinder  being  closed  with  a  moistened  cork  stopper  and  the  con- 
tents shaken  several  times  after  the  addition  of  each.  The  cylinder  is  then  left 
standing  for  six  hours  or  more.  The  clear  fat  solution  is  next  pipetted  off  into  a  small 
weighed  flask  by  means  of  a  siphon  drawn  to  a  fine  point  (fig.  (j,  loc.  cit.i,  which  is 
lowered  into  the  fat  solution  to  within  0.5  cm  of  the  turbid  bottom  layer.  After 
evaporating  the  ether  solution  in  a  hood,  the  flasks  are  dried  in  a  steam  oven  for  two 
or  three  hours  and  weighed.  This  method  is  applicable  to  new  milk,  skim  milk, 
buttermilk,  whey,  cream,  cheese,  condensed  milk,  and  milk  powder,  but  has  been 
found  of  special  value  for  determining  fat  in  skim  milk,  buttermilk,  cheese,  and  con- 
densed milk.  In  the  case  of  products  high  in  fat,  a  second  treatment  with  10  cc  each 
of  ether  and  petroleum  ether  is  advisable  in  order  to  recover  the  last  trace  of  fat. 

Chemists  are  requested  to  make  at  least  two  determinations  by  the  methods  given. 
On  account  of  the  quite  large  variations  in  the  results  reported  by  the  chemists  last  year, 
the  referee  is  very  anxious  to  determine  whether  the  differences  are  due  to  the  inac- 
curacy of  the  methods  or  to  the  manner  in  which  they  are  handled  by  different  men. 
Everyone  who  has  had  much  experience  in  making  sugar  determinations  realizes 
how  easy  it  is  to  get  quite  large  variations  in  results  by  varying  the  method  slightly. 

If  methods  materially  different  from  those  given  above  are  being  used  by  anyone 
taking  part  in  the  work  for  the  determination  of  sugars  or  fat  in  condensed  milks,  the 
referee  will  be  glad  to  have  results  by  such  methods  reported. 

J. 


M. 


L.  (J 


Bartlktt, 

Referee. 

Michaels, 
Assoc  idle  ref  re< . 


Eleven  different  chemists  reported  on  the  samples  sent  them  and  their  results  are 
given  in  the  following  table,  together  with  some  obtained  at  the  Maine  station: 

Cooperative  work  on  samples  of  sveetened  condensed  milk  (percentage  results). 


Solids. 

A 
<< 

SO 

X 

P 

s 

s 

6 

VI 

0 

1 

Sucrose. 

Fat. 

Analyst. 

o  °J 

•at  © 

At 
&A 

03  +£ 

1 

5 

By  differ- 
ence. 

P  0 1  a  r  i- 
scope. 

-  s  — 
Q 

£  0 

So 

.0} 

0 

W.  A.  Brennon,  Wisconsin 

72.44 
73.14 
7:5.  06 

72.08 
73.19 
72.90 

1.81 
1.82 
1.  66 

11.47 
11.56 
11.56 

44.  76 
44.50 

8.10 
8.24 

S.  32 
8.10 

8.  64 

S.  04 

72.89 

72.72 

1.76 

7.42 

11.53 

44.68 

44.01 

a48.  51 

8.17  ;  8.21 

8.34 

E.   M.   Bailey,   Connecticut 

72.25 
72.00 

73.71 
73.50 

1 

8.00 
7.80 

8.25 
8.40 

72.15 

73.60 

1 

7.90 

8.33 

J.  M.  Bartlett,  Maine  station. 

70.70 
70.50 

11.3 
11.1 

8.50 
8.70 

8.7 

8.5 

Average 

70.60 

1.70 

7.20 

11.2  | 

43.24 

8.66 

8.60 

8.6 

Sidney  Davis,  department  of 
health,  New  York  City. .   . 

73.13 

1.72 

6.  96 

11.72 

•t  I.  09 

9.00 

L.  W.  Tetzer,  Maryland  si a- 
tion 

72.01 
72.03 

74.47 
74.70 

1.53 
1 .  52 

7.20 
7.  23 

LI.  42 
11.42 

S.  06 

s.  63 

7.  80 
7.  95 

72.02 

74.  53 

al.53 

7.22 

11.42 

37.  So 

44.20 



8.65 

7.90 

II.    B.   Holland,   Massachu- 
setts station: 

n.a 

71.41 

60.  7.') 
7'2.  20 
70  00 

1.66 

7.  42 

'■7.  29 

Second  sample,  average 
of?,  tests 

c.  II.  Jones,  Vermont  station: 

Average  of  2  tests 

Second  sample,  average 

70.  58 

1.68 

7.09 

11.68 

•13.  77 

ii   19 

V   ll, 

s.  10 
C.  ti 

('.    1'.   Moat,   Vermont    board 

72.  61 

ol.  61 

! 



"  Omitted  from  average. 


b  Dried  on  .sand  and  extracted  once. 


•  Extracted  twice. 


155 


Cooperative  work  on  samples  of  sweetened  condensed  milk  {percentage  results) — Cont'd. 


Solids. 

< 

N 

O 

X 

'3 

O 

O 

Sucrose. 

Fat. 

Analyst. 

H  fcj  K 

ooo 
.2.  ax* 

S  <S  <Q 

^  2 

11 

1 

5 

5   . 

ffl 

i 
^  aS 

p4 

.2  i 

^x.2 

o  a 

.2 

o 

O 

C.  B.  Morrison,  Connecticut 
station  (New  Haven) 

68.75 
68.97 

70.55 
70.81 

1.95 
2.05 

7.06 
7.06 

8.19 
8.04 

7.2 
7.5 

7.98 

68.86 

70.68 

a2.00 

7.06 

8.12 

7.35 

A.  J.  Patten,  Michigan  station 

72.35 
72.37 

73.87 
73.88 

1.80 
1.82 

7.06 
7.06 

12.05 
11.90 

7.20 
7.20 

7.96 

7.01 

7.80 



72.36 

73.88 

1.81 

7.06 

11.95 

44.63 

43.65 

7.01 

7.20 

7.88 

Nelson  &  Landers,  Bingham- 
ton,N.Y 

72.45 

al.  47 

7.87 

10.30 

43.70 

44.59 

8.52 

8.40 

8.30 

70.70 
70.80 

73.20 
73.33 

1.73 
1.72 

...... 

11.02 
11.06 

8.54 
8.45 

8.70 
8.70 

7.89 

7.78 

70.75 

73.27 

1.71 

7.19 

11.04 

44.79 

44.79 

8.50 

8.70 

7.83 

A.   D.   Meeds,   Minneapolis, 

72.67 
72.80 

73.20 
73.00 

1.74 
1.74 

6,50 

6.50 

9.78 
9.74 

43.07 
43.06 

46.64 
46.74 

8.04 
8.05 

7.20 
7.20 

8.25 

8.11 

Average 

72.74 

73.10 

1.74 

6.50 

a  9.  76 

43.07 

46.68 

8.05 

7.20 

8.18 

70.80 

8.57 



71.57 

72.80 

1.69 

7.25 

11.35 

43.80 

44.12 

44.18 

8.17 

7.87 

8.16 

a  Omitted  from  average. 
Comments  of  Analysts. 

W.  A,  Brennon,  Wisconsin  station:  The  solids  were  determined  in  Method  A  by 
drying  on  sand  five  and  a  half  hours  and  in  B  by  drying  three  hours  on  steam  bath  and 
two  hours  in  hot-air  oven. 

E.  M.  Bailey,  Connecticut  station:  Total  solids  were  determined  in  Method  A  by 
drying  on  sand  in  an  8  cm  aluminum  dish,  there  being  enough  sand  to  make  a  total 
of  50  grams  weight.  Evaporation  was  first  made  on  live  steam,  with  frequent  stirring. 
The  dish  was  then  wiped  dry  and  put  in  a  drying  oven  at  100°  for  thirty  minutes, 
cooled  and  weighed,  then  again  heated  three  hours,  and  for  seven  hours. 

Per  cent. 

Average  for  thirty  minutes 72.  74 

Average  for  three  hours 72.  40 

Average  for  seven  hours 72. 11 

In  Method  B  the  manipulation  was  the  same  as  in  A,  except  that  no  absorbent  was 
used.  Average  for  heating  thirty  minutes  was  73.58  per  cent;  for  two  hours,  73.60  per 
cent. 

In  the  double-extraction  method  for  fat  the  first  and  second  extractions  were  made 
for  eight  hours  each  and  the  third  for  four  hours.  In  the  centrifugal  method  the 
pipette  was  rinsed  into  the  bottle. 

Lewis  W.  Fetzer,  Maryland  station:  The  methods  involving  dilution  of  a  40  per  cent 
solution  are  very  prone  to  cause  an  error,  as  it  is  next  to  impossible  to  dilute  with  a 
pipette  or  cylinder.  Where  this  was  directed  I  made  a  separate  20  per  cent  solution. 
The  per  cent  of  sucrose  is  better  determined  by  difference,  as  the  galactose  which  is 
formed  by  inverting  the  milk  sugar  evidently  has  a  different  reducing  capacity  from 
dextrose  and  levulose.  In  the  case  of  the  Leach-Babcock  test  for  fat  one  can  readily 
see  that  errors  can  creep  in  while  drawing  off  the  supernatant  fluid  in  three  instances. 

E.  B.  Holland,  Massachusetts  station:  Solution:  A  20  per  cent  solution  was  pre- 
pared by  diluting  100  grams  of  the  milk  to  500  cc.  There  was  some  separation  of  curd 
or  fat,  presumably  the  latter,  which  must  have  vitiated  the  results  to  some  extent. 

Moisture:  Several  aliquotsof  5 and  10  cc  were  evaporated  on  quartz  sand  in  a  flat- 
bottomed  dish  at  a  low  temperature  until  the  bulk  of  the  water  was  expelled,  then 
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dried  in  an  electric  oven  for  two  hours  at  100°  C.  or  in  a  vacuum  oven  below  70°  0. 
(gauge  reading,  29  inches). 

Evaporation  in  a  flat-bottomed  dish  without  sand  yielded  low  results,  probably  due 
to  a  retention  of  moisture  by  the  nitrogenous  film  which  formed  on  the  surface.  Simi- 
lar treatment  in  a  vacuum  oven  gave  higher  results,  but  below  that  obtained  on  sand. 
Those  figures  are  not  reported. 

Ash:  Twenty-five  cc  were  evaporated  in  a  platinum  dish  with  5  ee  of  concentrated 
nitric  acid  and  burned  to  a  white  ash. 

Protein:  Ten  cc  were  treated  by  the  Kjeldahl-Gunning  method. 

Fat:  Our  work  of  last  season  indicated  that  a  single  extraction  gave  higher  results 
than  the  double  and  saved  time  and  work.  The  dried  solids  on  the  sand  were  pul- 
verized, washed  with  water,  dried,  and  extracted  with  dry  ethyl  ether  in  a  continuous 
extractor.  Long  heating  of  the  residue  containing  fat  (at  100°  C.)  should  be  avoided, 
as  it  appears  to  reduce  the  amount  of  fat  that  can  be  extracted. 

C.  II.  Jones,  Vermont  station:  The  result  reported  on  fat  by  the  modified  Babcock 
method  is  the  average  of  ten  determinations  on  three  distinct  40  per  cent  solutions. 
The  individual  readings  were  2.60,  2.65,  2.80,  and  seven  readings  of  2.70.  Lactose 
determinations  were  made  on  distinct  portions  of  the  original  sample.  In  the  sucrose. 
determination  it  was  necessary  to  dilute  the  solution  after  inversion  to  200  cc  in  order 
to  have  an  excess  of  copper  in  the  Fehling  solution. 

The  result  reported  by  the  Leach  method  is  the  average  of  two  determinations, 
70.70  and  70.58  per  cent,  respectively.  The  platinum  dish  used  did  not  have  an  ab- 
solutely flat  bottom,  but  it  was  the  nearest  approach  to  anything  of  the  kind  available. 
I  am  at  present  unable  to  explain  the  difference  obtained  by  the  two  methods,  unless 
a  too  complete  drying  and  consequent  breaking  down  is  obtained  with  Method  A. 

The  result  reported  on  the  double-extraction  method  for  fat  is  the  average  of  two 
determinations  from  distinct  solutions.  They  were,  respectively.  S. 20  and  8.12  per 
cent.  The  only  awkward  feature  is  the  size  of  the  filter  paper  used.  The  following 
modification  of  the  Babcock  method  described  was  suggested  by  the  use  of  the  hard- 
ened filter  on  other  laboratory  determinations: 

Method:  Place  15  cc  of  the  40  per  cent  solution  (6  grams) in  a  small-lipped  beaker, 
diameter  1.5  inches,  height  2  inches.  Dilute  with  an  equal  amount  of  water;  add 
4  cc  Fehling's  copper  solution;  stir  with  glass  rod.  Filter  through  a  12.5  cm  C.  S.  and 
S.  575  hardened  filter.  Wash  thoroughly  with  water;  stir  on  the  filter  with  glass  rod 
(100  cc  is  usually  enough,  though  160  cc  had  no  lowering  effect  on  the  result).  Return 
precipitate  to  original  beaker,  removing  any  remaining  particles  by  washing  with  hot 
water  through  a  fine-jet  wash  bottle.  (The  bulk  is  easily  kept  below  17  cc.)  Stir 
with  a  glass  rod.  Pour  into  Babcock  milk  bottle.  Add  a  portion  of  the  acid  to  the  resi- 
due in  the  beaker.  Mix  thoroughly,  using  stirring  rod.  Transfer  to  Babcock  bottle. 
Repeat  with  remainder  of  acid.  Shake  milk  bottle  thoroughly,  and  then  rinse  beaker 
with  a  little  hot  water  from  the  wash  bottle  and  put  into  test  bottle.  Run  as  usual. 
The  individual  results  obtained  by  this  procedure  were  2.70  for  five  readings  and  2.65 
on  the  sixth,  three  different  40  per  cent  solutions  used. 

I  find  it  desirable,  both  with  this  method  and  with  Method  B,  to  use  rather  more 
sulphuric  acid  than  is  specified;  oftenl8.5  cc.  While  the  results  by  this  procedure  are 
not  different  from  those  obtained  by  Method  B,  yet  when  a  number  of  samples  are  run 
a  considerable  gain  is  made  in  actual  working  time. 

Discussion  of  Results. 

The  results  obtained  this  year  are  quite  satisfactory  on  all  determinations  except, 
fat.  The  lactose  results,  with  three  exceptions,  are  probably  as  good  as  one  could 
hope  to  get  from  a  number  of  chemists  working  independently  and  not  making  a  spe- 
cialty of  sugar  determinations.  There  are  some  variations  in  total  solids  for  which  it 
seems  difficull  to  account.  One  might  think  it  due  to  variations  in  the  different  cans 
of  milk  were  it  not  for  the  fact  that  in  sonic  oases  when  the  solids  were  as  much  as  2 
per  Cen1  low,  the  other  determinations,  such  as  proteids,  ash,  etc.,  were  as  high  or 
higher  than  the  average.  The  referee  call  only  account  for  these  discrepancies  in 
one  ..f  two  ways,  faulty  sampling,  or  thai  the  sugars  were  allowed  to  ferment  and 
cause  loss  before  the  determinations  were  made.  It  is  believed  that  all  determina- 
tions should  l»e  made  as  soon  as  the  solutions  are  made  up.  and  no  solution  which  has 

stood  in  a  warm  Laboratory  twenty-four  hours  should  be  used  for  the  determinations 

of  solids  or  sugars,      beach's  method  appears  to  give  high  results,  probably  because  of 
the  large  amount  of  sugar  present  to  hold  the  water. 
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The  ash  results  are  for  the  most  part  very  good  and  concordant,  with  the  exception 
of  three,  which  ,were  probably  burned  down  hard  without  leaching.  It  is  very  evi- 
dent that  leaching  with  hot  water  after  thorough  charring  is  necessary  in  the  presence 
of  sucrose. 

The  sucrose  results  are  probably  as  good  as  one  could  expect  to  obtain,  but  inasmuch 
as  this  is  not  a  normal  but  an  added  constituent  of  the  milk  it  is  best  determined  by 
difference. 

The  results  on  fat,  one  of  the  most  important  constituents  of  the  milk,  are  far  from 
being  satisfactory.  The  referee  believes  that  these  discrepancies  are  due  to  three 
causes.  First,  lack  of  experience  with  this  kind  of  material.  Second,  a  lack  of 
detail  in  giving  the  double-extraction  method  in  Circular  32,  and,  third,  faulty  instruc- 
tions in  directing  a  40  per  cent  solution  to  be  used  for  this  method.  This  solution, 
as  shown  by  the  tables  below,  is  too  concentrated  to  get  the  best  results  when  as  large 
an  amount  as  40  per  cent  cane  sugar  is  present.  This  degree  of  concentration  makes 
such  a  thick  layer  of  sugar  on  the  paper  coil  that  quite  a  large  proportion  of  the  fat 
is  left  on  the  paper  after  the  first  extraction,  and  then  soaking  in  water  causes  a  mechan- 
ical loss  of  fat  when  the  sugar  is  dissolved  off.  Such  loss  was  proven  by  examination 
of  the  slight  scum  rising  on  the  water,  which,  under  the  microscope,  showed  the  pres- 
ence of  fat  globules.  When  the  work  is  carefully  done,  however,  and  dry  ether  is 
used,  this  loss  is  only  small,  amounting  to  one  or  two  tenths  of  1  per  cent.  Our  results 
show  that  as  high  results  can  be  obtained  with  1  gram  in  a  10  or  20  per  cent  solution 
in  a  single  extraction  of  fourteen  hours  as  with  a  more  concentrated  40  per  cent  solu- 
tion and  a  double  extraction.  The  highest  and  most  concordant  results,  however, 
were  obtained  with  a  10  or  20  per  cent  solution  and  double  extraction. 

Mr*  Geisler,  the  originator  of  the  double-extraction  method,  stated,  under  date  of 
January,  1908,  that  he  had  no  changes  to  suggest  from  those  given  in  his  original 
paper  published  in  the  Journal  of  the  American  Chemical  Society  in  1900  except 
that  the  time  of  each  extraction  should  be  extended  to  seven  or  eight  hours  instead 
of  four  or  five  and  that  strictly  dry  ether  probably  is  the  best  solvent  on  account  of 
its  constant  boiling  point.  In  Mr.  Geisler's  paper  he  emphasizes  the  fact  that  the 
milk  should  be  evenly  distributed  over  the  surface  of  the  paper  coil;  also  that  the 
ether  should  be  anhydrous  to  prevent  the  paper  coil  from  becoming  soggy.  The 
method  of  drying  on  asbestos  or  paper  in  tubes  is  not  so  desirable  as  on  strips  of  paper 
on  account  of  the  long  heating  required  to  dry  out  completely. 

The  modified  Babcock  method,  in  the  hands  of  men  who  have  had  much  experi- 
ence with  it,  usually  gives  very  good  results,  but  it  is  not  to  be  considered  as  accurate 
as  the  gravimetric,  and  as  the  reading  is  multiplied  by  three  every  error  is  increased 
threefold.  When  the  milk  was  fresh  we  were  able  to  get  very  clear  separations  with 
the  copper  sulphate  in  the  centrifuge,  and  the  sugar  solution  could  be  easily  decanted 
without  loss  of  fat,  the  curd  and  fat  remaining  in  a  hard  mass  at  the  bottom  of  the 
bottle,  but  in  testing  some  cans  later,  which  had  stood  in  the  laboratory  for  three  or 
four  months,  the  separation  was  not  so  complete,  and  it  was  necessary  to  pass  the  solu- 
tion through  a  filter,  washing  the  particles  of  curd  back  into  the  bottle  to  obtain  all 
the  fat,  and  in  several  instances  the  results  were  low.  This  operation  made  the 
method  somewhat  longer  and  more  tedious. 

The  results  reported  by  the  Gottlieb  method  are  not  very  satisfactory  and  the  ref- 
eree found  but  little  time  to  test  it.  Only  two  tests  were  made  and  they  gave  by 
direct  weight  over  9  per  cent  fat,  but  it  was  found  that  some  proteid  or  foreign  matter 
was  clinging  to  the  bottom  of  the  flasks  after  the  fat  was  dissolved  out  with  hot  ben- 
sine.  After  weighing  and  deducing  this  weight  from  the  original  the  results  agreed 
'ery  closely  with  the  gravimetric.  The  writer  believes  that  by  observing  proper 
)recautions  this  method  can  be  made  very  reliable,  particularly  for  sweetened  con- 
densed milk.  Small  separatory  funnels  are  more  desirable  than  the  long  tubes  recom- 
mended in  the  method. 
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Some  figures  obtained  in  the  Maine  laboratory  are  given  in  the  following  table,  and 
lead  the  writer  to  believe  that  good  results  can  be  obtained  when  the  double-extrae- 
-  method  is  carried  out  as  follows: 

Prepare  strips  of  soft  white  filter  paper  4  by  24  inches  of  the  quality  of  the  S. 
N      '  -     King  two  '^r  three  hours  in  alcohol,  then  after  thoroughly  drying  in  the 

oven  extracting  several  hours  with  ether  until  no  residue  is  left  bom  the  ether  as  it 
comes  through.  Then  take  10  cc  of  a  20  per  cent  solution  of  the  condensed  milk  and 
distribute  it  carefully  over  the  whole  surface  of  the  thoroughly  dried  paper.  This  is 
best  done  by  attaching  one  end  of  the  paper  to  s<:rne  object  and  holding  the  other  end 
out  straight  bo  that  the  pipette  can  be  emptied  by  passing  the  p-:»int  back  and  forth 
over  the  whole  surface.  To  dry  the  paper,  suspend  it  over  a  copper  wire  in  the  drying 
oven,  where  it  will  thoroughly  dry  out  in  two  hours  or  much  more  rapidly  than  if 
coiled  up  or  put  in  a  tube.~  After  drying  roll  up  in  a  coil,  wind  with  thread  or  small 
copper  wire,  place  in  the  extractor,  and  extract  not  less  than  eight  hours.  If  it  is  the 
sweetened  product  remove  the  coils  from  the  extr;  Loosen  the  wire  or  thread,  dry 

and  suspend  in  -500  cc  of  water  for  two  hours,  then  return  the  coils  to  the  oven  and  dry 

.\nd  extract  again  for  not  less  than  five  hours.     Five  cc  of  milk  and  a 
by  12  inches  may  be  used  if  preferred. 

Dei  st d  mill:  by  modifications  of  the  dou.bU-t.xtr action   method. 

Modifica:  Pat. 

5  co   2  ^a~s   of  40  per  cent  solution  extracted  S  hours  with  ether:  Per  cent. 

racted  5  hours  more  (average  of  4  samples 8.28 

::  d  time  and  extracted  a  third  time 

.  .  a 20  per  cent  solution  on  a  coil  5  by  24  inches: 

10    Extracted  10  hours -   "" 

"d  extracted  5  hours  more 

cc  (2  -  -    per  cent  solution  on  a  coil  5  by  24  inches: 

:. :  ted  14  hours 

. -vater  and  extracted  again  6  hours 

-Tarn )  of  a  20  per  cent  solution  on  a  coil  5  by  12  inches: 

■.  ted  5  hours ." v  -T 

".  ith  water  and  extracted  5  hours  more -  7$ 

5  cc  (1  gram )  of  a  20  per  cent  solution  on  a  coil  5  by  12  inches: 

acted  10  hours  with  ether 

with  water  and  extracted  again i.  B£ 

10  cc  (1  gram   of  a  10  per  cent  solution  on  a  coil  5  by  24  inches: 

-  ::er  1 4  hours 

Exhausted  with  water  and  extracted  5  hours  more 8. 95 


Recom  m  e  n  l>  ATIO  n  s 

It  is  recommended  that — 
1     The  following  methods  be  adopted  as  offirial  meth 

1.    PREPARATION"    OF  SAMPLE. 

Place  the  can.  if  cold,  in  water  at  30°  to  35°  C.  until  warm.  Open  and  mix  thor- 
oughly l»y  transferring  the  contents  of  the  can  to  some  dish  sufficiently  large  to  thor- 
oughly s'.ir  and  make  the  whole  mass  homogeneous.  Care  must  be  taken  to  scrape 
out  all  milk  adhering  to  the  interior  of  the  can.  Weigh  100  grams  into  a  >00  co  llask 
and  make  up  to  the  mark  with  water.  If  the  milk  will  not  completely  dissolve,  each 
portion  must  be  weighed  out  separ  -  - 

2.    TOTAI     BOUD8. 

oftheab       -  'in  solution  and  ]xoceed  as  in  the  case  of  inilk  analysis 

_  to  the  method  given  in  Bulletin  107.  page  117.  Method  I.  drying  either  on 

•  r. 

\-H. 

Igni  10  cc  of  ft  ent  solution  at  low  red  heat,  leach  with 

ignite  the  residue  and  tiiter  until  white,  a. id  the  leach- 
rate  t«-  dr.  :.  in  usual  manner  and  w  • 
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4.  PROTEIN. 

Determine  nitrogen  by  Kjeldahl  or  Gunning  method  in  10  cc  of  the  20  per  cent 
solution  and  multiply  by  6.38.' 

5.  LACTOSE. 

Dilute  100  ccof  the  20  percent  solution  in  a  250 cc  flask  to  about  200  cc;  add  6  cc  of 
Fehling's  copper  sulphate  solution  and  make  up  to  the  mark;  filter  through  a  dry 
filter  and  determine  lactose  by  the  Walker  method,  boiling  only  two  minutes  with 
the  Fehling  solution. 

(2)  The  methods  for  determining  sucrose  and  fat  be  given  further  study. 

REPORT  ON  FOODS  AND  FEEDING  STUFFS. 
By  Fred  W.  Morse,  Associate  Referee. 

The  request  to  serve  as  referee  on  cattle  foods  was  unexpected  and  found  me  un- 
familiar with  the  most  recent  work  of  the  association  on  this  class  of  materials.  -  Noting 
that  it  was  recommended  last  year  to  continue  the  trial  of  the  methyl  pentosan  deter- 
mination after  the  method  of  Ellett,  an  attempt  was  made  to  simplify  the  method 
before  asking  for  cooperation  from  other  members.  Wholly  satisfactory  results  have 
not  yet  been  obtained,  but  it  seems  possible,  with  a  little  more  time,  to  accomplish 
such  a  modification. 

It  was  also  planned  to  compare  the  effects  of  the  use  of  Ellett's  method  on  some 
standard  cattle  food  alongside  of  a  substance  known  to  contain  methyl  pentosan. 
For  the  latter  there  was  accessible  plenty  of  the  seaweed,  Fucus  vesiculosis  or  rockweed, 
and  a  quantity  was  obtained,  dried,  and  pulverized.  For  the  standard  cattle  food, 
wheat  bran  was  selected,  since  its  content  of  pentosan  is  good,  and  Widtsoe  reported  no 
evidence  of  methyl  furfural  in  it  by  the  qualitative  tests. 

The  method  of  procedure  was  to  follow  the  provisional  method  for  pentosan  deter- 
mination throughout  and,  after  weighing  the  precipitated  phloroglucid,  to  extract 
with  alcohol  by  Ellett's  method  of  digesting  the  crucible  and  contents  in  a  small 
quantity  of  alcohol  at  65°  C,  filtering,  and  repeating  the  operation  until  the  filtrate 
finally  becomes  colorless.  A  marked  solubility  of  the  precipitate  Was  observed  in 
both  cases.  This  was  unexpected  in  the  bran,  and  considerable  time  was  spent  in 
repeating  determinations.  Results  on  bran  varied  much;  but  the  seaweed  gave  rea- 
sonably concordant  figures.  By  this  time  it  was  too  late  to  send  out  samples  to 
other  chemists.  Another  point  was  noticed  in  the  prosecution  of  the  work,  namely, 
that  the  provisional  method  for  pentosans  seldom  if  ever  yielded  furfural-free  dis- 
tillates when  the  prescribed  limit  of  volume  was  reached.  The  drops  would  still 
show  traces  of  furfural. 

These  points  of  disagreement  from  published  matter  about  the  different  forms  of 
pentosans  have  convinced  the  referee  that  more  work  is  needed  on  this  provisional 
method  in  some  of  the  details.  There  is  an  important  field  for  research  in  our  common 
coarse  fodders  and  the  concentrated  by-products  in  working  out  the  constituents  of  the 
nitrogen-free  extract.  Most  of  the  methods  now  in  use  are  difficult  of  manipulation 
and  more  or  less  approximate  in  their  results.  Comparatively  little  attention  is  paid 
to  them,  since  the  conventional  methods  of  fodder  analysis  answer  the  practical  feeder's 
purpose. 

Nevertheless,  progress  in  nutrition  studies  demands  more  attention  to  the  less- 
known  carbohydrates,  since  their  digestibility  and  consequent  food  value  are  unknown 
quantities. 

The  referee  has  no  recommendations  to  make;  but  if  no  instructions  are  received 
from  the  association  it  is  his  intention  to  continue  the  study  of  these  newest  methods 
of  determining  the  less-known  carbohydrates. 
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ElletVs  method  applied  to  Fucus  vesiculosis. 
[Two  grams  of  material.] 


Loss  by  ex- 
Total   phloro-       traction 
glucid.  with 

alcohol. 


BEST  RESULTS  BY  WASHING  WITH  HOT  ALCOHOL. 


Gram. 
0. 2366 
.2533 

Gram. 
0.  0407 
.0366 

THE  DETERMINATION   OF  ACIDITY  IN   CATTLE  FEEDS. 
By  John  Phillips  Street,  Referee. 

The  acidity  of  a  cattle  food  is  due  to  the  presence  of  hydrogen  ions.  In  a  solution 
containing  a  mixture  of  salts  of  organic  and  inorganic  acids  it  makes  practically  no 
difference  whether  this  acidity  was  originally  produced  by  the  addition  of  a  small 
amount  of  an  organic  or  of  an  inorganic  acid,  for  the  final  result  is  essentially  the  same; 
that  is,  the  presence  of  a  certain  proportion  of  free  hydrogen  ions  and  of  the  ions  of  all 
the  various  salts  which  are  present  in  the  solution.  The  question  of  acidity,  there- 
fore, is  one  of  degree  rather  than  of  kind  and,  from  a  physiological  view  point,  depends 
on  the  nature  of  the  salts  which  are  present  in  the  solution  under  consideration.  Let 
us  take  an  example.  We  have  a  solution  containing  sodium  chlorid  and  sodium 
acetate.  In  this  we  have  sodium  ions,  chlorin  ions,  acetate  ions,  undissociated  sodium 
acetate  molecules,  and  undissociated  sodium  chlorid  molecules.  If  a  small  quantity 
of  hydrochloric  acid  is  added  to  this  solution  it  will  then  contain,  in  addition  to  the 
substances  above  named,  a  certain  quantity  of  hydrogen  ions  and  a  correspondingly 
greater  quantity  of  chlorin  ions.  If  a  molecularly  equivalent  quantity  of  acetic  acid 
is  added  instead  of  hydrochloric,  the  solution  will  contain  the  hydrogen  ions,  as  in  the 
first  case,  and  the  number  of  acetate  ions  will  be  correspondingly  increased. 

If  we  now  measure  the  acidity  of  each  of  these  two  solutions  with  phenolphthalein 
as  an  indicator,  the  result  will  be  the  same,  for  this  indicator  gives  a  pretty  accurate 
measure  of  free  and  potentially  free  hydrogen  ions.  If  we  measure  the  acidity  of  these 
solutions  by  means  of  delicate  litmus  paper  the  degree  of  acidity  will  be  found  to  be 
less  than  that  as  determined  by  phenolphthalein.  The  reason  for  this  is  to  he  found 
in  the  fact  that  litmus  is  a  relatively  stronger  acid  than  phenolphthalein  and  reacts 
with  the  base  before  all  the  acid  hydrogen  of  the  acetic  acid  has  been  acted  on.  The 
effect  of  the  presence  of  organic  salts  is  to  reduce  the  number  of  free  hydrogen  ions, 
in  comparison  with  that  which  would  he  present  in  a  solution  to  which  had  been  added 
the  same  quantity  of  mineral  acid  in  the  presence  simply  of  inorganic  salts  of  strong 
bases  with  strong  acids,  such  as  sodium  chlorid  or  sodium  sulphate,  and  it  is  also  clear 
that  it  is  not  possible  to  determine  in  a  solution  containing  a  mixture  of  organic  and 
inorganic  salts,  which  show  an  acid  reaction,  whether  this  reaction  was  originally 
Caused  by  the  action  of  a  mineral  acid  or  of  an  organic  acid.  The  indicators  that  are 
commonly  supposed    to  distinguish  between  mineral  and  organic  acids  in  mixtures 
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containing  salts  of  weak  bases  and  strong  acids,  or  of  strong  bases  and  weak  acids,  give 
entirely  different  results  from  those  obtained  in  solutions  free  from  such  salts,  for  by 
hydrolytic  dissociation  these  salts  contribute  to  the  solution  a  certain  quantity  of 
hydrogen  or  hydroxyl  ions,  according  to  the  nature  of  the  salts  present  and  the  con- 
centration of  the  solution,  which  ions  exert  an  effect  on  the  indicator  in  one  direction 
or  the  other. 

In  a  mixture  of  weak  and  strong  acids  and  their  salts,  phenolphthalein,  which  is  the 
weakest  indicator  commonly  employed,  gives  the  total  amount  of  acids  present 
stronger  than  phenolphthalein,  itself  an  exceedingly  weak  acid.  If  a  stronger  acid 
indicator,  e.  g.,  litmus,  is  in  the  above  mixture,  it  will  appear  to  have  less  total  acid, 
because  the  litmus  itself  reacts  with  the  base  before  the  weaker  acids  are  acted  on. 

It  is  thus  clear  that,  for  such  a  mixture,  it  is  impossible  to  determine  the  acidity 
of  its  solution,  and,  furthermore,  it  is  not  even  possible  by  titration  to  determine  the 
actual  concentration  in  free  hydrogen  ions,  which,  from  a  physiological  standpoint, 
is  the  true  question  under  consideration. 

It  has  been  the  practice  of  physical  chemists  to  determine  the  concentration  in 
hydrogen  ions  by  inverting  cane  sugar,  a  process  which  closely  corresponds  with  the 
enzym  reactions  of  physiological  processes. 

The  acidity  of  a  cattle  feed  may  come  from  a  mineral  acid  used  in  its  preparation, 
from  organic  acids  natural  to  the  product  itself,  or  developed  by  fermentation  during 
its  preparation,  and  possibly,  in  some  cases,  from  phosphates  having  an  acid  reaction 
and  normally  present  in  the  feed. 

Jordan's  studies  (Bulletin  238,  Geneva  station),  however,  indicate  that  "our  com- 
mercial feeds  of  vegetable  origin  do  not  contain  appreciable  quantities  of  phosphorus 
in  inorganic  combination." 

Ensilage  is  an  example  of  a  feed  containing  considerable  amounts  of  organic  acids 
developed  in  the  silo  by  fermentation.  A  number  of  other  feeds  which  are  by-products 
of  manufacturing  processes  contain  organic  acids  resulting,  likewise,  from  fermenta- 
tions taking  place  during  manufacture. 

In  view  of  the  fact  that  the  presence  of  free  mineral  acids  in  certain  feeds  has  been 
suspected  or  affirmed,  I  wish  to  raise  the  question  of  the  methods  involved  and  ask 
the  association  to  make  it  the  subject  of  inquiry,  in  order  that  an  accurate  method  of 
testing  for  acidity  may  be  found  and  adopted.  As  matters  now  stand,  we  are  depend- 
ing wholly  on  volumetric  methods  and  the  use  of  indicators,  and  the  question  to  be 
settled  first  of  all  is,  Just  what  do  indicators  indicate? 

Too  little  attention  has  been  given  to  the  acidity  due  to  the  proteins  themselves  and 
their  varying  action  with  different  indicators.  Osborne  a  has  pointed  out  that  the 
proteins  are  not  neutral  bodies,  like  the  carbohydrates,  and  that  the  general  assump- 
tion that  a  solution  containing  protein  matter,  and  showing  neither  acid  nor  alkaline 
with  litmus,  is  chemically  neutral,  is  erroneous.  Many  experiments  have  shown  that 
certain  protein  solutions,  when  neutral  to  litmus,  are  acid  to  phenolphthalein  and 
alkaline  to  lacmoid.  It  has  also  been  established  that  a  notable  amount  of  acid  can 
be  addded  to  a  protein  solution  before  an  acid  reaction  with  tropaeolin,  alizarin,  or 
phloroglucin  and  vanillin  is  given. 

As  Osborne  says,&  it  is  of  importance  "to  know  whether  litmus  can  be  used  to  deter- 
mine the  point  when  all  combined  acid  has  been  converted  into  neutral  salts  of  potas- 
sium or  sodium  and  all  the  protein  substance  has  been  set  free,  or  whether,  as  we  know 
is  the  case,  when  tropaeolin  or  lacmoid  is  used  as  an  indicator,  more  acid  still  remains 
combined." 

Aqueous  solutions  of  crystallized  ovalbumin,  solutions  in  sodium  chlorid  brine  of 
excelsin,  amandin,  vignin,  conglutin,  glycinin,  corylin,  phaseolin,  and  legumin,  and 
solutions  of  zein,  gliadin,  and  hordein  in  75  to  90  per  cent  alcohol,  which  were  either 

a  J.  Amer.  Chem.  Soc,  1902,  24:  39.  6  Loc.  cit. 
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neutral  or  acid  t<>  sensitive  neutral  litmus  paper,  when  made  neutral  to  litmus  were, 
in  every  ease,  still  acid  toward  phenolphthalein. 
Osborne  further  says:  ■ 

To  render  gram  portions  of  these  several  protein  preparations  neutral  to  litmus 
required  in  a  lew  cases  n01  any,  in  most  eases  from  0.1  to  L.5  cc  of  decinormal  alkali; 
while  to  make  the  same  gram  portions  neutral  to  phenolphthalein  required  the  further 
addition  of  from  0.7  to  1  ee  of  decinormal  alkali,  except  for  legumin,  which  required 
2  ee.  Edestin  made  neutral  to  phenolphthalein  and  dissolved  in  sodium  chlorid  solu- 
tion reacts  distinctly  alkaline  toward  litmus.  This  alkaline  reaction  is  caused  by  the 
edestin  itself  and  not  by  organic  salts  of  the  alkali,  since  such  preparations  yield  a 
very  small  amount  of  ash,  less  than  0.05  per  cent,  which  is  neutral  to  both  litmus  and 
phenolphthalein.  *  *  *  Solutions  of  all  the  other  protein  bodies  1  have  exam- 
ined, when  similarly  made  neutral  to  phenolphthalein,  react  decidedly  alkaline  with 
litmus. 

In  the  investigation  which  the  referee  reports  at  this  time  no  attempt  was  made  to 
determine  total  acidity,  only  those  acids  being  taken  into  account  which  were  extracted 
by  a  rather  prolonged  treatment  with  water.  Sixteen  samples  of  gluten  feed,  repre- 
senting five  brands,  two  of  wheat  bran  and  one  each  of  wheat  middlings,  wheat  feed 
and  cottonseed  meal,  were  examined. 

Ten  grams  of  the  feed  were  weighed  into  a  beaker  and  stirred  with  50  cc  of  water 
for  ten  minutes,  then  transferred  to  a  plain  wet  filter  and  washed  with  successive 
small  portions  of  water,  until  the  washings  amounted  to  150  cc;  the  extract  was 
then  made  up  to  200  cc  with  water  and  20  cc  portions  (  =  1  gram  feed)  used  in  the 
subsequent  titrations.  A  blank  determination  was  also  made  with  200  cc  of  water 
run  through  a  filter  paper  as  before,  and  the  washings  were  found  to  be  neutral  to 
methyl  orange,  phenolphthalein,  and  litmus. 

The  following  indicators  were  used: 

Phenolphthalein:    One  gram  dissolved  in  100  cc  of  50  per  cent  alcohol. 

Li!  in  us  paper:  Very  sensitive  neutral  paper. 

MethijJ  orange:  One  gram  dissolved  in  1,000  cc  of  water. 

Congo  red:  One  gram  dissolved  in  100  cc  of  30  per  cent  alcohol. 

Gunzbunfs  reagent:  Two  grams  of  phloroglucin  and  1  gram  of  vanillin  dissolved  in 
30  grams  of  alcohol. 

Toepfer's  reagent:  One  per  cent  solution  of  phenolphthalein  in  alcohol  and  0.5  per 
cent  solution  of  dimethylamidoazobenzol. 

The  alkali  used  was  approximately  decinormal  sodium  hydroxid,  1  cc  being  equal 
to  0.003996  gram  sodium  hydroxid. 

Twenty  cubic  centimeter  portions  of  the  watery  extract,  equal  to  1  gram  of  feed, 
were  taken  for  each  test.  Owing  t"  the  usually  highly  colored  solutions,  the  aliquot 
was  diluted  with  500  cc  of  water  for  the  test  with  methyl  orange,  and  with  50  cc  for 
the  other  indicators,  except  in  the  Gunzburg  test,  when1  0.5  cc  of  the  extract  and 
the  same  quantity  of  the  reagent  were  used.  Three  hydrochloric  acid  solutions  were 
also  prepared.  X  i  I.  N  28,  and  X  "><;.  respectively. 

The  Gunzburg  and  Toepfer  tests  and  Congo  Red  are  recommended  as  reliable  in 
determining  Whether  or  not  free  mineral  acid  is  present.  These  tests  were  applied 
first  l<>  the  three  hydrochloric  acid  solutions  and  unmistakable  positive  results  were 
secured  with  all,  the  most  dilute  acid  used.  X  56,  equivalent  to  about  0.065  percent 
of  hydrochloric  acid,  responding  perfectly  to  the  reactions  indicated.  A  mixture  of 
one  of  the  aqueous  \v^\  extracts  and  dilute  hydrochloric  acid,  the  total  mixture  con- 
taining o.otio  per  cent  of  free  hydrochloric  acid,  was  Likewise  subjected  to  these  teste 
and  positive  proof  was  secured  that  nothing  present  in  the  irv^l  extract  in  any  way 
interfered  with  the  delicacy  of  the  reactions.      However,  following  the  suggestions  of 

( teborne'fi  work,  when  the  salt  of  a  weak  acid,  for  instance,  sodium  acetate,  was  added 
t<>  these  Bame  test  solut  ions,  none  of  the  above  prescribed  tests  for  free  mineral  acidity 

responded,  although  hydrochloric    acid  had  been  added  in  every  case.      This  experi- 
ment Bhowe  quite  conclusively  the  danger  and  inaccuracy  of  Raserting  either  the 

presence  or  absence  of  mineral  acids  from  data  obtained  by  these  tots. 
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None  of  the  feed  extracts  showed  any  acidity  to  methyl  orange,  a  result  quite  to  be 
expected.  Referring  to  methyl  orange,  Ostwald  says  a  "should  the  acid  be  weak, 
i.  e.,  only  slightly  ionizable  (the  ionization  being  still  further  reduced  by  the  presence 
of  the  neutral  salt  formed  in  the  liquid),  the  quantity  of  hydrogen  ions  on  passing  the 
point  of  neutralization  is  too  small  to  allow  of  the  formation  of  a  visible  amount  of  the 
nonionized  molecules  of  methyl  orange,  and  the  red  color  only  appears  after  a  con- 
siderable excess  has  been  added,  and  then  only  by  degrees." 

The  conditions  thus  described  by  Ostwald  seem  to  be  identical  with  what  we  have 
in  these  feed  extracts.  Five  samples  of  Buffalo  gluten  feed  required  from  1.10  to  1.80 
cc  of  decinormal  alkali  to  neutralize  the  acidity  of  1  gram  of  feed,  using  litmus;  from 
2.55  to  3.40  cc,  using  phenolphthalein,  and  from  2.70  to  3.65  cc,  using  Toepfer's  reagent. 

Five  samples  of  Globe  gluten  feed,  with  the  same  amount  of  feed,  required  from 
1.35  to  1.90  cc  with  litmus;  2.95  to  3.80  cc  with  phenolphthalein  and  from  2.90  to 
3.80  cc  with  Toepfer's  reagent. 

Cream  of  corn  gluten  feed  and  Pekin  gluten  feed  gave  corresponding  results  with 
the  three  indicators;  while  Douglas  gluten  feed  showed  the  same  relation,  but  a 
much  lower  acidity,  0.25  cc  with  litmus,  0.40  cc  with  phenolphthalein  and  0.35  with 
Toepfer's  reagent. 

The  samples  of  wheat  bran,  middlings,  and  feed  required  0.50  to  1  cc  with  litmus, 
0.90  to  1.70  with  phenolphthalein  and  1  to  1.80  with  Toepfer's  reagent. 

Cottonseed  meal  required  0.65  cc,  1  cc  and  1  cc,  respectively,  with  the  three 
indicators. 

The  average  acidity  of  all  the  feeds  was  1.18  cc  with  litmus,  2.37  cc  with  phenol- 
phthalein and  2.50  cc  with  Toepfer's  reagent. 

These  results  correspond  perfectly  with  what  we  should  expect  if  the  acidity  came 
from  dissociation  of  protein  salts  alone,  or  from  salts  of  weak  organic  acids.  I  there- 
fore urge  the  association  to  take  up  the  matter  of  acidity  of  cattle  feeds  and  consider 
how  the  results  obtained  by  current  methods  can  be  applied  to  agricultural  problems. 

The  appended  table  presents  the  determinations  in  detail. 


Acidity  of  gluten  feeds. 
[In  terms  of  1  gram  of  feed.] 


Num- 
ber. 


Brand. 


Protein. 


Phenolphthalein. 


Tenth-   '  Equal  to 

normal     grams  of 

sodium      sodium 

hydroxid.  hydroxid. 


Litmus. 


Tenth- 
normal 
sodium 
hydroxid 


Equal  to 
grams  of 
sodium 


Toepfer  test  (dime- 
thylamidoazoben- 
zol  and  phenol- 
phthalein). 


Tenth- 
normal 
sodium 


Equal  to 
grams  of 
sodium 


hydroxid.  hydroxid.  hydroxid. 


cc. 

0.0072 

3.50 

.0048 

3.10 

.0064 

3.65 

.0066 

3.65 

.0044 

2.70 

.0048 

3.00 

.0010 

.35 

.0074 

3.80 

.0074 

3.50 

.0076 

3.70 

.0058 

2.90 

.0054 

3.45 

.0068 

3.20 

.0064 

3.80 

.0016 

.70 

.0024 

1.30 

.0020 

1.30 

.0020 

1.10 

.0040 

1.80 

.0024 

1.00 

.0026 

1.00 

2)435 
21448 
21454 
21470 
21548 
21456 
21518 
21416 
21439 
21490 
21502 
21549 
21469 
21487 
21516 
21553 
21415 
21458 
21423 
21437 
21428 


Buffalo. 
....do.. 
....do.. 


do 

do 

Cream  of  corn . 

Douglas 

Globe 


do 

do 

do 

do 

Pekin 

Brand  unknown. 

do 

do 

Wheat  bran 

do 

Wheat  middlings. 

Wheat  feed 

Cottonseed  meal . . 


Per  cent. 
23.37 
26.  62 
26.06 
26.31 
25.00 
24.75 
20. 12 
25.87 
26.00 
26.94 
26.37 
25.06 
26.75 
28.19 
22.75 
21.62 
15.31 
14.81 
18.06 
15.94 
45.  06 


cc. 
3.40 
2.55 
3.10 
3.35 
2.70 
2.60 


3.55 
3.40 
3.80 
2.95 
3.40 
2.85 
3.65 

.50 
1.05 
1.00 
1.00 
1.70 

.90 
1.00 


0.  0136 
.0102 
.0124 
.0134 
.0108 
.0104 
.0016 
.0142 
.0136 
.0152 
.0118 
.0136 
.0114 
.0146 
.0020 
.0042 
.0040 
.0040 
.0068 
.0036 
.0040 


1.80 
1.20 
1.60 
1.65 
1.10 
1.20 
.25 
1.85 
1.85 
1.90 
1.45 
1.35 
1.70 
1.60 
.40 
.60 
.50 
.50 
1.00 
.60 
.65 


0.0140 
.0124 
.0146 
.0146 
.0108 
.0120 
.0014 
.  0152 
.0140 
.0148 
.0116 
.0138 
.0128 
.0152 
.0028 
.0052 
.0052 
.0044 
.0072 
.0040 
.0040 


a  Foundations  of  Analytical  Chemistry,  pp.  125,  126. 
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THE    MANUFACTURE    OF    GLUTEN    FEED. 
By  T.  B.  Wagner. 

Among  the  concentrated  feeding  stuffs  found  on  the  American  market  we  may 
concede  to  gluten  feed  the  first  place,  not  only  because  of  the  high  percentage  of 
nutritive  materials  in  gluten  feed,  but  because  of  its  palatability  and  its  remarkable 
degree  of  digestibility.  "Within  the  last  few  months  various  statements  have  appeared 
in  chemical  journals,  as  well  as  in  bulletins  issued  by  agricultural  experiment  stations, 
with  reference  to  the  chemical  analysis  of  this  product.  Considering  the  importance 
of  gluten  feed  as  an  animal  food,  anything  published  on  the  subject  will  be  read  with 
interest,  not  only  by  officials  connected  with  agricultural  experiment  stations,  but  by 
dealers  and  buyers,  and,  last  but  not  least,  by  the  manufacturers  themselves.  In 
new  of  this  general  interest,  it  may  not  be  amiss  to  state  the  details  of  its  manufacture. 
Broadly  speaking,  gluten  feed  is  the  ground  kernel  of  Indian  corn,  from  which  the 
germ  and  most  of  the  starch  have  been  removed.  The  following  steps  lead  up  to  its 
production: 

The  corn  bought  by  us  is  of  the  Xo.  2  and  Xo.  3  grades.  To  remove  impurities, 
stones,  dirt,  dust,  etc.,  the  grain  is  passed  through  cleaning  and  separating  machinery 
and  the  purified  corn  is  then  delivered  to  the  steeping  tanks,  wherein  it  is  soaked  in 
warm  water,  slightly  acidulated  with  sulphur  dioxid.  This  treatment  brings  about  a 
softening  of  the  grain  and  facilitates  the  subsequent  separation  of  the  germ,  which 
is  effected  after  it  has  passed  through  a  preliminary  grinding  whereby  the  corn  is 
broken  up  and  the  germ  set  free.  The  balance  of  the  material  is  now  ground  fine 
in  Buhr  mills,  the  coarser  part,  namely,  the  bran,  being  separated  by  running  the 
mass  over  silk  sieves,  while  the  starch  liquor  is  concentrated  and  sent  over  slightly 
inclined  planes,  the  i: starch  tables,"  upon  which,  by  a  process  of  settlement  and 
washing,  the  starch  fills  up  in  a  solid  layer.  The  lighter  ingredients,  gluten,  fiber, 
etc.,  are  carried  off  in  the  current  of  water  over  the  end  of  the  starch  tables.  We 
have  thus  obtained,  first,  the  germ  from  which  the  well-known  corn  oil  and  corn-oil 
cake  are  obtained;  second,  the  starch  which  furnishes  the  raw  material  for  the  corn 
starch  of  commerce  and  the  manufacture  of  corn  sirup  and  corn  sugar;  third,  the  bran, 
being  the  hulls  of  the  kernel;  and,  fourth,  the  gluten.  The  third  and  fourth,  after 
repeated  washings,  are  united,  when  still  in  a  wet  state,  deprived  of  the  largest  part  of 
the  water  by  filter  pressing,  and  delivered  to  the  driers,  where  the  water  is  reduced 
to  approximately  10  per  cent.  The  feed  is  now  passed  through  grinding  mills  and 
reduced  to  a  considerable  degree  of  fineness. 

The  gluten  feed  thus  obtained  varies  in  composition  in  proportion  to  the  emciency 
factor  prevailing  in  the  individual  works.  For  instance,  in  a  well  equipped  ami  well 
regulated  factory  the  amount  of  protein  usually  runs  at  26  per  cent  (on  a  commercial 
basis  .  whereas  in  factories  conducted  less  efficiently  the  amount  of  protein  may 
not  exceed  18  per  cent.  The  amount  of  starch  in  the  feed  will  vary  correspondingly. 
I  have  made  the  statement  before  that  gluten  feed  represents  the  corn  minus  germ 
and  starch.  You  will  ask,  ami  very  properly  bo,  What  becomes  of  the  mineral  con- 
stitutents  of  the  corn  and  the  soluble  organic  matter,  which  are  extremely  valuable — 
as,  for  instance,  the  organic  phosphorus  compounds?  By  far  tin-  largest  amount  of 
tin-.-  constituents  La  leached  out  in  the  steeping  of  the  corn.  Were  it  desired  only  to 
recover  the  phosphorus  salts,  there  would  not  be  much  difficulty  involved  in  isolating 
them,  hut  tie-  steep  water  contains  a  larure  amount  of  ether  ingredients  which  greatly 
add  to  the  food  value  of  the  gluten  feed,  such  as  albuminoids,  sugar  and  other  car- 
bohydrates, potassium  Baits,  etc..  which,  however,  are  hygroscopic  and  frustrate  all 
effort-  to  recover  them  in  dry  form.  Dr.  Arno  Behr  devised  ways  ami  mean-  ni  recover- 
ing these  Bubstances,  which  are  fully  described  in  I'niied  Siau-<  patent  No.  491,234, 
issued  February  7.  1893.    Briefly  explained,  Behr  recovers  these  constituents  of  the 
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corn  by  evaporating  the  steep  water  after  careful  treatment  to  a  thick  sirup,  which 
contains  these  substances  partly  in  solution  and  partly  in  suspension.     This  sirup 
is  added  to  the  feed,  which  latter  forms  an  ideal  absorbent. 
An  analysis  of  gluten  feed  thus  prepared  has  the  following  average  composition: 

*  Per  cent. 

Water 10.36 

Protein ■. 25.  95 

Fat 2. 18 

Starch 18.  09 

Fiber 6.  50 

Ash 3.  70 

Nitrogen-free  substance  (by  difference)  « 33.  22 

Soluble  (approximate) 15.  50 

From'  the  process  outlined  above  it  is  obvious  that  no  extraneous  matter  is  intro- 
duced into  the  feed  and  that  the  ingredients  which  go  to  make  up  the  feed  occur  there 
in  the  same  form  as  in  the  corn  itself,  although,  of  course,  in  a  more  concentrated 
form.  It  was  not  without  surprise,  therefore,  that  I  noticed  in  a  number  of  analyses 
published  recently  a  reference  to  an  "acidity"  of  the  feed,  which  was  reported  as 
hydrochloric  acid.  It  is  not  quite  plain  why  the  acidity  was  expressed  in  such  a 
manner,  as  no  hydrochloric  acid,  or  for  that  matter  any  other  mineral  acid,  is  present, 
none  having  been  introduced  at  any  stage  of  the  process  of  manufacture.  It  cer- 
tainly would  not  occur  to  anyone  to  report  the  acidity. in  fruits,  vegetables,  cider, 
or  wines  as  hydrochloric  acid,  no  more  than  in  the  case  of  wheat  flour — patent  flour — 
in  which  the  acidity  runs  nearly  as  high  as  some  of  the  acidities  reported  in  gluten 
feeds.  I  am  not  prepared  to  state  at  this  moment  with  any  degree  of  finality  whether 
this  apparent  acidity  is  due  to  acid  salts,  such  as  the  organic  phosphorus  compounds, 
or  to  the  presence  of  a  slight  amount  of  lactic  acid,  or  to  proteid  bodies,  such  as  the 
acid  albumins;  but,  whatever  causes  it  may  be  due  to,  if  the  absence  of  free  mineral 
acids  has  been  proved,  it  should  be  reported  as  an  organic  acid,  preferably  lactic. 
It  might  perhaps  be  still  better  to  state  the  number  of  cubic  centimeters  of  normal 
alkali  required  to  neutralize. 

In  this  connection  it  is  of  import  to  note  the  varying  results  obtained  in  acidity 
determinations,  depending  upon  the  character  of  the  indicator  employed.  To  cite 
an  instance,  we  have  found  that  phenolphthalein  causes  the  acidity  to  appear  two  to 
three  times  higher  than  rosolic  acid.  Again,  when  methyl  orange  is  used,  an  alka- 
linity is  indicated.  These  discrepancies  and  variations  make  it  desirable — in  fact, 
necessary — that  the  official  methods  governing  the  analyses  of  feeding  stuffs  provide 
a  standard  indicator  for  such  acidity;  means  should  also  be  provided  for  expressing 
properly  such  acidity  as  may  be  found  in  the  feed. 

If,  as  a  safeguard,  it  is  deemed  advisable  to  test  for  free  mineral  acid,  Toepfer's 
test  (dimethylamidoazobenzol),  or  the  even  more  delicate  Giinzburg  test  (phloro- 
glucin),  are  to  be  recommended.  These  tests  are  generally  employed  in  physiological 
research  and  reveal  the  slightest  traces  of  free  mineral  acids  in  the  presence  of  organic 
acids. 

A  great  desideratum  in  gluten  feed  is  uniformity;  that  is,  the  feed  made  at  the  dif- 
ferent factories  located  in  different  sections  of  the  country  should  be  uniform  in 
composition  as  well  as  in  appearance.  So  far  as  the  first  is  concerned,  the  variation 
is  very  slight,  the  processes  employed  in  our  various  factories  being  under  such  control 
as  to  insure  practically  uniform  composition,  irrespective  of  point  of  manufacture. 

The  appearance  of  the  feed  is  of  considerable  moment.  In  former  years  the  corn 
delivered  to  our  factories  was  mostly  of  the  yellow  type,  the  amount  of  white  corn 
delivered  being  rather  insignificant.     During  the  past  four  years,  however,  the  situa- 

a Contains  17.18  per  cent  pentosans. 
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tion  has  been  quite  the  reverse.  The  supply  of  corn  is  not  within  our  control.  We 
have  accomplished  uniformity  in  our  feeds  so  far  as  protein,  fat,  and  the  other  ingre- 
dients are  concerned,  and  so  far  as  the  physical  condition  of  the  feed  is  involved,  but 
we  can  not  reach  the  same  degree  of  uniformity  as  regards  color  so  long  as  the  selection 
of  the  corn  is  not  within  our  power.  Gluten  feed  obtained  exclusively  from  yellow 
corn  has  a  beautiful  yellow  color,  whereas  feed  made  from  white  corn  has  an  unin- 
viting grayish  color,  so  that,  depending  upon  the  amount  of  yellow  and  white  corn 
going  through  the  process,  the  color  of  the  resultant  feed  may  vary  from  a  golden 
yellow  through  all  the  hues  down  to  a  grayish  white.  You  will  recognize  the  diffi- 
culties connected  with  the  marketing  of  a  product  which  to-day  may  run  yellow  and 
a  week  from  now  white.  Speaking  from  my  own  experience,  this  point  was  brought 
home  to  me  very  forcibly  in  1904,  when  the  white  variety  of  corn  predominated  in 
our  corn  supply.  The  feed  produced  from  such  corn  was  uninviting  in  appearance. 
In  a  very  short  time  dealers,  particularly  in  the  Eastern  States,  began  to  complain, 
stating  that  they  were  not  receiving  the  old  standard  gluten  feed  which  they  had 
been  familiar  with  for  a  long  period  of  years.  Our  assurance  that  the  feed  was  the  same, 
that  the  amount  of  proteid  matter  was  the  same,  that  the  feed  value  was  the  same, 
and  that  the  feed  was  up  to  standard  in  every  particular,  except  color,  did  not  avail, 
and  we  were  not  only  threatened  with,  but  actually  suffered,  a  considerable  loss  of 
business.  We  advised  the  trade  fully  of  the  existing  conditions,  emphasis  being  laid 
upon  the  fact  that  the  color  should  not  be  the  determining  factor  in  fixing  the  intrinsic 
or  commercial  value  of  the  feed.  Feeders,  however,  refused  to  accept  such  expla- 
nations. It  seemed  impossible  to  convince  them  that  a  brand  of  feed,  yellow  one 
day  and  white  the  next,  could  have  been  made  by  the  same  methods  and  be  the 
same  feed  in  fact. 

As  a  solution  of  this  difficulty,  it  was  suggested  that  wherever  the  feed  ran  "short," 
so  far  as  color  was  concerned,  that  the  feed  be  standardized  by  the  addition  of  the 
requisite  amount  of  artificial  color,  preference  being  given  to  naphthol  yellow-S. 
The  feeder  readily  accepted  this  changed  condition.  Although  informed  that  the 
feed  is  artificially  colored,  he  prefers  to  buy  it  that  way.  It  is  plain  from  the  above 
that  the  manufacturer  is  not  acting  from  choice  when  adding  color  to  his  feed,  but 
he  is  forced  to  do  so  by  a  popular  demand.  The  practice  of  standardizing  the  color 
of  gluten  feed  is  no  different  than  that  practiced  by  the  farmer  in  coloring  butter. 
June  butter  is  his  standard,  and  in  adding  color  to  the  butter  he  aims  at  matching  the 
natural  color  of  June  butter,  because  the  consumer  likes  that  particular  color  best. 
Thus  the  feed  obtained  exclusively  from  yellow  corn  is  the  standard  for  color,  and 
when  a  factory  receives  only  two-thirds  or  less  of  its  supply  in  the  form  of  yellow 
corn,  sufficient  coloring  matter  is  added  to  match  the  feed  obtained  exclusively  from 
yellow  corn.  It  thus  happens  that  at  one  of  our  factories,  located  in  southern  Illinois, 
we  do  not  add  at  this  time  a  grain  of  color  to  the  feed,  whereas  in  another  factory, 
located  in  Iowa,  color  is  added  in  approximately  the  same  proportions  as  in  the 
case  of  colored  confectionery.  In  other  words,  the  practice  of  standardizing  the  color 
of  the  feed  is  not  a  regular  practice,  but  depends  from  day  to  day  entirely  upon  the 
character  of  the  corn  supply. 

As  a  matter  of  chemical  interest  I  would  like  to  call  attention  to  the  rapidity  with 
which  the  gluten  of  the  corn  combines  with  a/.o  colors,  such  as  naphthol  yellow-S, 
forming  an  insoluble  lake.  This  combination  is  effected  without  the  use  of  any  mor- 
danl ,  acids,  or  similar  agents  and  lends  to  prove  the  acid  character  of  some  of  the  pro- 
teid compounds. 
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REPORT  ON  THE  SEPARATION  OF  NITROGENOUS  BODIES:  MILK 
AND  CHEESE  PROTEIDS. 

By  L.  L.  Van  Slyke,  Referee. 

The  referee  selected  the  following  subjects  for  investigation: 

(1)  The  acetic-acid-precipitation  method  for  determining  casein  in  milk,  especially 
with  reference  to  the  following  points: 

(a)  The  use  of  less  acid. 

(6)  The  influence  of  acid  on  the  redissolving  of  casein. 

(c)  The  effect  of  temperature  on  the  solution  of  casein  by  acetic  acid. 

(d)  The  effect  of  various  preservatives  on  the  accuracy  of  the  acetic-acid  method. 

(2)  The  selection  of  an  official  method  by  the  association  for  the  determination  of 
milk  albumin. 

(3)  A  simple,  rapid,  and  accurate  volumetric  method  for  determining  milk  casein. 

For  the  cooperative  work  of  1907-8  the  referee  selected  the  Matthaiopoulos  volu- 
metric method  for  the  determination  of  casein.  Results  from  only  one  of  the  cooper- 
ators  was  received.     The  method  is  as  follows: 

SOLUTIONS    REQUIRED. 

(1)  An  approximately  twenty-fifth-normal  solution  of  sulphuric  acid. 

(2)  A  tenth-normal  solution  of  sodium  hydroxid. 

(3)  A  1  per  cent  alcoholic  solution  of  phenolphthalein. 

METHOD    OF   PROCEDURE. 

Into  each  of  two  200  cc  beakers  measure  20  cc  of  milk  and  80  cc  of  water.  Call  one 
A  and  the  other  B.  Into  A  let  the  twenty-fifth-normal  sulphuric  acid  run  drop  by 
drop  with  constant  stirring  of  the  diluted  milk  until  the  casein  precipitates  in  large 
flakes.  After  three  to  five  minutes  filter  through  a  dry  filter  (S  and  S  589,  9  cm,  recom- 
mended) and  collect  the  filtrate  in  a  graduated,  dry,  100  cc  flask.  If  the  first  portions 
of  the  filtrate  are  turbid,  pour  back  on  filter.  If  the  filtrate  continues  turbid,  not 
enough  acid  has  been  used  to  precipitate  the  casein  completely;  in  which  case  take 
a  fresh  sample  and  add  0.2  or  0.3  cc  more  acid.  The  amount  of  acid  required  varies 
with  different  milks,  ranging  in  the  sample  studied  from  about  23  to  27.5  cc.  Any 
excess  of  acid  must  be  avoided .  Collect  100  cc  of  clear  filtrate  and  transfer  it  to  a  beaker, 
rinsing  the  flask  carefully,  add  1  cc  of  the  phenolphthalein  solution  and  titrate  to  a 
pale  pink  color  with  tenth-normal  sodium  hydroxid.  Note  the  number  of  cubic  cen- 
timeters of  alkali  used. 

Treat  the  contents  of  beaker  B  with  twenty-fifth-normal  sulphuric  acid,  usingexactly 
the  same  amount  as  in  the  case  of  A.  Add  1  cc  of  phenolphthalein  solution  and 
titrate  to  a  pale  pink  with  tenth-normal  sodium  hydroxid.  Note  the  amount  of  alkali 
used. 

The  values  obtained  in  A  and  B  are  then  used  in  making  the  following  calculations: 

[J?_^(ioo+g)]xoll315> 

in  which  B  is  the  amount  of  alkali  used  in  titrating  the  mixture  of  water,  milk,  and 
twenty-fifth-normal  sulphuric  acid ;  A  is  the  amount  of  alkali  used  in  titrating  the  fil- 
trate; H  is  the  amount  of  twenty-fifth-normal  sulphuric  acid  used  in  precipitating 
casein;  0.11315  is  a  constant  factor  based  on  the  equivalent  weight  of  casein  as  shown 
by  its  salts  with  bases.     The  results  are  then  calculated  from  20  to  100  cc. 

Each  cooperator  was  requested  to  apply  this  method  to  samples  of  fresh  milk  of  his 
own  selection  and  compare  the  results  with  those  obtained  by  the  official  method. 
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Determination  of  casein  in  milk. 


Analyst. 

Official 
method. 

Volumetric 
method. 

L.  \V.  Fetzer,  Maryland  station 

A.  W.  Bosworth,  Now  York  station. 

/         2.54 
\          2. 52 

j          3.06 

1          3. 06 

/          3.00 
\          3.03 

2.73 

2.79 
f              3.06 

3.06 
1              3.07 
[             3. 06 

2.88 
{              2.90 
I             3.05 

From  the  results  thus  far  obtained,  the  method  appears  to  be  a  promising  one. 
will  probably  require  some  modification  to  give  uniform  results. 


It 


Recommendation  . 
It  is  recommended- 

That  the  referee  for  1908-9  be  requested  to  study  the  following  subjects  as  fully  as 
may  be  practicable: 

(1)  The  official  method  for  determining  casein  as  indicated  under  1. 

(2)  The  perfecting  of  the  method  for  determining  milk  albumin. 


REPORT  ON  SUGAR. 
By  A.  H.  Bryan,  Referee,  and  Fritz  Zerban,  Associate  Referee. 

The  work  of  the  referee  and  associate  referee  upon  sugar  during  the  past  year  has 
been  substantially  along  the  lines  recommended  by  the  association  at  its  last  meeting 
and  has  comprised  (1)  work  upon  special  methods  of  analysis  in  their  relationship  to 
sugar  chemistry;  (2)  work  upon  purely  chemical  methods;  and  (3)  work  by  a  number 
of  collaborators  upon  methods  for  the  analysis  of  cane  molasses  and  sugars. 

In  the  investigations  of  special  methods  the  work  has  been  confined  very  largely  to 
the  study  of  the  application  of  the  refractometer  to  the  estimation  of  dry  substance  in 
the  liquid  sugar  products.  This  study  was  published  in  the  Journal  of  the  American 
Chemical  Society  a  and  is  not  here  repeated,  but  a  recommendation  based  on  the 
work  is  made. 

The  associate  referee  has  confined  his  work  mostly  to  the  study  of  methods  of  esti- 
mating reducing  sugars,  trying  the  Monroe-Neubauer  crucible  (a  platinum  gooch 
with  a  filtering  substance  of  platinum  sponge),  instead  of  the  ordinary  porcelain  gooch. 
The  results  are  given  in  the  Journal  of  the  American  Chemical  Society.* 

The  collaborative  work  consisted  of  two  lines  of  determinations:  (1)  Methods  of  mois- 
ture determinations;  (2)  effect  of  clarifying  agents  on  the  polarization.  Two  samples 
were  sent  out,  one  of  a  yellow  sugar  and  the  other  an  open  kettle  cane  molasses.  In 
the  circular  letter  sent  out  with  these  samples,  the  following  instructions  were  given: 


IX  ST  RUCTIONS. 

(1)  Moisture  on  both  samples. 

(n)  Two  grams  of  material  on  sand  to  constant  weight  in  vacuum  oven  at  70°  C. 

(b)  Two  grams  of  material  without  sand  to  constant  weight  in  vacuum  at  70°  C. 

(c)  Two  grams  of  sample  on  sand  in  water-jacketed  oven  for  ten  consecutive  hours. 
Weigh  at  end  often  hours.     Then  heat  for  two-hour  intervals  lint  il  weight  is  constant. 

(d)  Repeat  (c),  but  do  not  use  sand. 


a  L908,  SO:   1  W3. 


H908,  $0:  145a 
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(e)  Two  grams  of  sample  on  sand  in  water-jacketed  oven  for  six  hours  on  one  day 
and  four  hours  the  following  day.  Weigh  at  end  of  the  ten  hours.  Then  heat  for  two- 
hour  intervals  until  constant  weight  is  attained. 

(/)  Same  as  (e),  but  do  not  use  sand. 

(g)  By  refractometer.  The  procedure  is  the  same  as  for  any  work  with  the  refrac- 
tometer. The  readings  are  taken  at  28°  C.  or  any  other  temperature.  A  few  drops 
of  the  solution  are  placed  on  the  prism  and  the  border  line  adjusted  and  read  as  per 
instructions  found  in  Bulletin  107,  page  132.  The  per  cent  of  water  is  obtained  from 
table  of  Geerligs  herewith.  A  table  of  temperature  corrections  is  also  given,  so  that 
corrections  can  be  made  for  any  other  temperature. 

Geerligs's  table  for  dry  substance  in  sugar-house  products  by  the  Abbe  refractometer,  at 

28°  C.  a 


Index. 


1. 3335 
1.  3349 
1.3364 
1.3379 
1.  3394 
1.3409 
1. 3424 
1.  3439 
1. 3454 
1. 3469 


Per  cent 
dry  sub- 
stance. 


1. 3484 
1.3500 
1.3516 
1. 3530 
1. 3546 
1. 3562 
1. 3578 
1. 3594 
1.3611 
1. 3627 
1. 3644 
1. 3661 
1. 3678 
1. 3695 
1.3712 
1. 3729 


1. 3746 
1.3764 
1. 3782 
1.3800 
1.3818 
1.3836 
1. 3854 
1. 3872 
1. 3890 
1. 3909 
1.  3928  i 
1. 3947 
1.3966 
1.3984 
1.4003 


1. 4023 
1. 4043 
1.  4063 


Decimals  to  be  added  for  frac- 
tional readings. & 


0.0001=0.05 

0.0002=0.1 

0.0003=0.2 

0.0004=0.25 

0.0005=0.3 

0.0006=0.4 

0.0007=0.5 

0.0008=0.6 

0.0009=0.7 


0.  0001= 
0.  0002= 
0.  0003= 
0.  0004= 
0. 0005= 
0.  0006= 
0. 0007= 
0.  0008= 
0.  0009= 
0.  0010= 
0.0011= 
0.0012= 
0.  0013= 
0.  0014= 
0.  0015= 
0. 0016= 


0.05 

0.1 

0.2 

0.25 

0.3 

0.4 

0.45 

0.5 

0.6 

0.65 

0.7 

0.75 

0.8 

0.85 

:0.9 

0.95 


42  0.0001=0.05 

43  0.0002=0.1 

44  0.0003=0.15 


0.0010=0.75 

0.0011=0.8 

0.0012=0.8 

0.0013=0.85 

0.0014=0.9 

0.0015=1.0 


Index. 


27  0.0001=0.05     0.0012=0.6 

28  |   0.  0002=  0. 1     0. 0013=  0. 65 

29  :   0.0003=0.15    0.0014=0.7 

30  0.0004=0.2     0.0015=0.75 

31  0.0005=0.25     0.0016=0.8 

32  0.0006=0.3  I    0.0017=0.85 

33  0.  0007=  0.  35  ,    0.  0018=  0.  9 

34  0.0008=0.4  >    0.0019=0.95 

35  0.0009=0.45    0.0020=1.0 

36  i   0.0010=0.5  ;    0.0021=1.0 

37  0.0011=0.55  

38  

39 

40  i 

41  


0.0012=0.6 

0.0013=0.65 

0.0014=0.7 


1.  4083 
1.  4104 
1.4124 
1.  4145 
1.  4166 
1.4186 
1.4207 
1.4228 
1.4249 
1.4270 


Per  cent 
dry  sub 
stance. 


1.4292 
1.  4314 
1.  4337 
1.  4359 
1.  4382 
1.  4405 
1.4428 
1.  4451 
1.  4474 
1.  4497 
1.  4520 
1.  4543 
1.  4567 
1.  4591 
1.  4615 
1.  4639 
1.  4663 
1.  4687 


1.4711 
1.  4736 
1.  4761 
1.  4786 
1.4811 
1.  4836 
1.  4862 
1.  4888 
1.  4914 
1.  4940 
1.  4966 
1.  4992 
1.5019 
1. 5046 
1.  5073 
1.5100 
1.5127 
1.5155 


Decimals  to  be  added  for  frac- 
tional readings. b 


0.0004=0.2 

0.0005=0.25 

0.0006=0.3 

0.0007=0.35 

0.0008=0.4 

0.0009=0.45 

0.0010=0.5 

0.0011=0.55 


0.0001=0.05 

0.0002=0.1 

0.0003=0.1 

0.0004=0.15 

0.0005=0.2 

0.0006=0.25 

0.0007=0.3 

0.0008=0.35 

0.0009=0.4 

0.0010=0.45 

0.0011=0.5 

0.0012=0.5 


0.0001=0.0 

0.0002=0.05 

0.0003=0.1 

0.0004=0.15 

0.0005=0.2 

0.0006=0.2 

0.0007=0.25 

0.0008=0.3 

0.0009=0.35 

0.0010=0.35 

0.0011=0.4 

0.0012=0.45 

0.0013=0.5 

0.0014=0.5 


0.0015=0.75 

0.0016=0.8 

0.0017=0.85 

0.0018=0  9 

0.0019=0.95 

0.0020=1.0 

0.0021=1.0 


0.0013=0.55 

0.0014=0.6 

0.0015=0.65 

0.0016=0.7 

0.0017=0.75 

0.0018=0.8 

0.0019=0.85 

0.0020=0.9 

0.0021=0.9 

0.0022=0.95 

0.0023=1.0 

0.0024=1.0 


0.0015=0.55 

0.0016=0.6 

0.0017=0.65 

0.0018=0.65 

0.0019=0.7 

0.0020=0.75 

0.0021=0.8 

0.0022=0.8 

0.0023=0.85 

0.0024=0.9 

0.0025=0.9 

0.0026=0.95 

0.0027=1.0 

0.0028=1.0 


a  Intern  Sugar  J.,  10  :  69-70. 

b  Find  in  the  table  the  refractive  index  which  is  next  lower  than  the  reading  actually  made  and  note  the 
corresponding  whole  number  for  the  per  cent  of  dry  substance.  Subtract  the  refractive  index  obtained 
from  the  table  from  the  observed  reading;  the  decimal  corresponding  to  this  difference,  as  given  in  the 
column  so  marked,  is  added  to  the  whole  per  cent  of  dry  substance  as  first  obtained. 
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Table  of  correct  ions  for  the  temperature. 


Dry  substance. 


Temperature  of  the 

prisms  In  °  ('. 


I.-, 


2D 


25 


■M) 


4(i 


;,n 


60 


70 


Subtract 


20 

21 
22 
23 

24 
25 

26 
27 

20 
30 
31 
32 

33 
34 

3.". 


0.53 

0.  54 

0.55 

0. 56 

0.57 

0.58 

0.60 

0.62 

0.64 

0.62 

0.61 

0.60 

.46 

.47 

.48 

.49 

.50 

.51 

.52 

.54 

.56 

.54 

.53 

.52 

.40 

.41 

.42 

.42 

.43 

.44 

.45 

.47 

.48 

.47 

.46 

.45 

.33 

.33 

.34 

.35 

.36 

.37 

.38 

.39 

.40 

.39 

.38 

.38 

.26 

.26 

.27 

.28 

.28 

.29 

.30 

.31 

.32 

.31 

.31 

.30 

.  20 

.20 

.21 

.21 

.22 

.22 

.23 

.23 

.24 

.23 

.23 

.23 

.12 

.12 

.13 

.14 

.14 

.15 

.15 

.16 

.16 

.16 

.15 

.15 

.07 

.07 

.07 

.07 

.07 

.07 

.08 

.08 

.08 

.08 

.08 

.08 

0.58 
.50 
.44 
.38 
.30 
.22 
.14 
.07 


Add- 


0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.08 

0.08 

0.08 

0.08 

0.08 

0.08 

.12 

.12 

.13 

.14 

.14 

.14 

.15 

.15 

.16 

.16 

.16 

.15 

.20 

.20 

.21 

.21 

.22 

.22 

.23 

.23 

.24 

.23 

.23 

.23 

.26 

.26 

.27 

.28 

.28 

.29 

.30 

.31 

.32 

.31 

.31 

.30 

.33 

.33 

.34 

.35 

.36 

.37 

.38 

.39 

.40 

.39 

.38 

.38 

.40 

.41 

.42 

.42 

.43 

.44 

.45 

.47 

.48 

.47 

.46 

.45 

.46 

.47 

.48 

.49 

.50 

.51 

.52 

.54 

.56 

.54 

.53 

.52 

0.07 
.14 
.22 
.30 
.38 
.44 
.50 


(h)  By  areometric  methods,  as  found  on  pages  65-67,  Bulletin  107.  If  time  permits 
it  would  be  well  to  determine  the  per  cent  of  water  in  a  number  of  sugar  solutions  by- 
methods  (g)  and  also  (h)  and  (b).  The  comparison  being  between  results  of  (g)  and 
(6)  and  (h)  and  (&).  The  results  could  be  reported  as  special  samples  under  (g), 
giving  kind  of  sirup,  also  figures  obtained  by  (g),  (b),  and  (h). 

(2)  Polarimetric  determinations.     Effect  of  various  clarifying  agents  on  both  samples. 

Weigh  out  a  normal  weight  and  make  up  to  100  cc,  or  to  such  a  multiple  thereof  as 
may  be  necessary  to  secure  an  accurate  polarization,  after  clarifying  as  follows: 

(a)  With  lead  subacetate  solution.  (Bull.  46,  pp.  38-39;  also  Bull.  107,  p.  40.) 
Try  at  least  two  different  quantities  of  the  clarifying  agents,  reporting  the  separate 
polarization. 

(b)  With  normal  lead  acetate  solution.  (Saturated  solution  of  lead  acetate  in 
water.) 

(c)  With  Home's  dry  lead  subacetate.     (J.  Amer.  Chem.  Soc,  1904,  26  :  186.) 

(d)  With  Herles'  solution.  No.  1,  250  grams  lead  nitrate  to  500  cc  water;  No.  2, 
25  grams  sodium  hydroxid  to  500  cc  water.  Use  equal  parts  of  each  solution, 
either  5  cc  each  or  up  to  10  cc  of  each.  Note  whether  increased  amount  changes  the 
polarization. 

(e)  With  alumina  cream  and  hydrosulphite  (sodium  hydrosulphite,  B.  A.  S.  F.  or 
"Blankit").  This  with  the  dry  subacetate  can  be  obtained  from  any  of  the  large 
dealers  in  chemical  supplies.  In  this  clarification  make  solution  up  to  required 
volume,  then  add  a  few  crystals  at  a  time  until  decolorizalion  is  effected.  Polarize 
at  once  after  filtering  and  again  after  standing  for  some  time.  Should  the  solution 
become  cloudy  on  standing  add  some  kaolin  and  shake,  filter.  Also  try  the  following 
method  of  procedure:  In  a  solution  after  clarifying  with  alumina  cream  and  filter- 
ing, just  before  screwing  on  cap  of  polarization  tube,  add  a  few  crystals  of  tin1  hydro- 
sulphite and  shake.  Polarize  immediately;  note  whether  on  standing  there  is  a  change 
in  the  polarization. 

(/)  Invert  portions  of  a,  b,  c,  d,  and  e  and  determine  the  invert  reading.  Where 
load  has  boon  used  take  out  the  excess  with  some  crystals  of  potassium  oxalate  or  dry 
sodium  carbonate.  Inversion  can  be  accomplished  by  following  (c),  page  40,  Bul- 
letin 107,  or  ( 1 1,  page  39,  Bulletin  46,  Revised.  U  the  latter  reference  is  used,  the 
equal  ion  should  road: 

a-6 


s 


1  12.66 
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In  this  polarization  take  care  to  record  all  temperatures  of  polarization,  dilutions, 
etc.,  that  results  may  be  compared  upon  as  uniform  a  basis  as  possible. 

It  is  also  urged  that  the  work  on  the  samples  be  begun  immediately  upon  their 
arrival,  to  avoid  changes  in  composition  which  might  result  from  fermentation. 

A.  Hugh  Bryan, 

Rejeree  on  Sugar. 
Fritz  Zerban, 

Associate  Referee. 

A  number  of  chemists  signified  their  willingness  to  cooperate,  and  reports,  in  whole 
or  in  part,  were  received  from  them. 

Determination  of  Total  Solids. 

The  work  outlined  was  for  the  comparison  of  the  vacuum  method  with  the  regular 
method  of  drying  for  ten  hours.  But  as  ten  hours  is  generally  longer  than  the  ordi- 
nary laboratory  day,  a  comparison  was  made  of  this  determination  conducted  for  ten 
consecutive  hours,  and  also  for  six  hours  on  one  day  and  four  the  next.  Together 
with  the  comparison  of  methods  of  determining  moisture,  the  effect  of  mixing  sand 
with  the  material  to  be  dried  was  studied  in  each  case.  The  refractometer  was  tried, 
and  the  specific  gravity  was  also  determined  and  the  moisture  calculated. 

Determinations  of  moisture  in  sugar  and  molasses. 

SUGAR. 


At  boiling  water  temperature. 

Refrac- 
tom- 
eter. 

Analyst. 

Vacuum. 

10  consecutive 
hours. 

6  and  4  hours. 

Spe- 
cific 
grav- 
ity. 

Sand. 

No 
sand. 

Sand. 

No 

sand. 

Sand. 

No 

sand. 

P.  H.  Doherty,  New  Orleans,  La 

Per  ct. 

Perct. 

Per  ct. 

Perct. 
2.68 
2.90 

2.89 
2.79 

2.74 
2.48 

Perct. 
2.87 
Not 
dry. 
2.95 
2.41 
2.90 
2.50 

Per  ct. 
2.76 

2.70 

2.97 
2.37 
2.75 

2.49 

Per  ct. 

2.60 

6  2.02 

2.60 

Per  ct. 

F.,  W.  Liepsner,  Washington,  D .  C . . . !    a  2. 84 
W.  P.  Naquin,  New  Orleans,  La 

a  2.  57 

Not 
dry. 
&2.10 
2.68 
2.69 
2.87 

2.22 

John  H.  Parkins,  Richmond,  Va 

F.  G.  Smith,  New  Orleans,  La 

2.60 

R.  N.  Wilson,  Florida 

c2.52 

c2.54 

Average 

2.68 

2.56 

2.74 

2.75 

2.  72         2.  67 

2.60 

2.22 

MOLASSES. 


P.  H.  Doherty,  New  Orleans,  La 

b  28. 06 
27.35 
27.38 
27.55 
27.51 

27.67 
27.48 
6  25. 55 
27.26 
27.20 

27.99 

27.84 
27.94 
27.77 
28.19 

27.37 

27.15 
27.86 
27.24 
27.45 

27.04 
26.27 
27.04 
28.  50 
27.03 

26.36 

F.  W.  Liepsner,  Washington,  D.  C... 
W.  P.  Naquin,  New  Orleans,  La 

O27.04 

a  27. 17 

24.30 
26.36 

d28.50 

F.  G.  Smith,  New  Orleans,  La - 

Average 

27.04 

27.17 

27.45 

27.40 

27.94 

27.41 

27.17 

25.78 

a  Constant  at  end  of  31  hours. 
6  Not  included  in  average. 


c  Constant  at  end  of  10  hours. 
d  By  Westphal  balance,  23.40. 


It  is  noted  here  that  the  ten-hour  drying  gives  higher  results  than  the  vacuum 
method.  This  is  due,  no  doubt,  to  a  decomposition  of  the  material  at  the  temperature 
of  boiling  water.  The  ten  consecutive  hour  results  are  lower  than  when  the  time  is 
divided.  The  use  of  sand  plays  an  important  part  in  the  drying,  the  determina- 
tions being  higher  with  sand  present.  The  reason  for  this  is  self-evident.  The 
material  forms  a  coating  on  the  sand  and  between  the  particles  and  so  presents  a 
larger  surface  to  be  affected  by  the  heat,     When  not  used,  a  hard,  dry  film  forms  on 
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the  material  and  the  under  layer  does  not  dry.  When  a  small  area  of  liquid  is  exposed 
for  drying,  the  amount  of  moisture  going  off  will  be  smaller  than  when  a  larger  surface 
is  exposed.  Many  chemists  prefer  and  recommend  the  use  of  powdered  pumice  insl  ead 
of  sand.  This  allows  the  material  to  be  absorbed.  In  the  referee's  opinion,  the 
results  so  obtained  are  of  no  more  value  than  those  with  the  use  of  sand.  Where 
numerous  determinations  are  to  be  made,  it  is  an  easy  matter  to  wash  and  clean  the 
sand,  while  to  clean  the  pumice  stone  and  remove  all  traces  of  the  sirup  is  not  so  easy. 
Lately  the  use  of  a  roll  of  filter  paper  has  been  recommended  «  as  the  absorbent.  Wiley 
(Bureau  of  Chemistry,  Bui.  19,  p.  49)  recommended  that  in  1888,  but  it  was  thought 
then  to  give  low  results.  Mintz  by  this  method  reduced  the  time  of  drying  from 
seventeen  hours  to  three.  This  method  is  practically  the  method  of  Adams  for 
milk,  and  should  be  given  some  consideration  for  next  year.  Finely  flaked  asbestos 
as  an  absorbent  material  has  been  spoken  of  for  drying  milk.  Browne  b  used  it  with 
success  in  determinations  of  moisture  in  apple  juices.  It  is  further  worthy  of  trial, 
since  the  claim  is  made  that  it  requires  less  time  for  drying  than  when  sand  or  pumice 
stone  is  used.  The  referee  has  made  a  few  experiments  with  the  Soxhlet  oven, 
where  a  current  of  dry  air  passes  over  the  material,  but  the  work  has  not  progressed 
far  enough  to  make  a  report.  A  method  that  bids  fair  to  supersede  all  others  for 
pure  sugar  solutions  is  the  use  of  the  refractometer.  The  comparison  of  this  method 
made  by  the  collaborators  shows  its  results  to  be  nearer  the  vacuum  results  than  those 
of  other  methods.  A  second  feature  of  the  moisture  work  was  a  study  of  the  effect  of 
increasing  the  time  of  heating  or  dryness  on  the  determination.  The  following  table 
gives  the  average  results  obtained  by  the  collaborators: 

Determinations  of  moisture  increasing  the  time  of  drying. 

[Averages  based  on  reports  of  five  collaborators.] 

SUGAR. 


Pre- 
scribed 
time  of 
heat- 
ing. 

B 

y  heating. 

Modifications  of  method. 

12 
hours. 

14 
hours. 

16 
hours. 

18 
hours. 

20 
hours. 

22 
hours. 

24 

hours. 

On  sand: 

Perct. 
2.68 
2.58 
2.72 

2.  .10 
2.  75 
2.67 
2.45 

Per  ct. 

Perct. 

Perct. 

Perct. 

Perct. 

P<r  ct. 

P(T  Ct. 

2.78 
2.79 

2.91 
2.86 

2.89 
2.92 

3.04 
3.01 

3.06 
3.06 

6  and  4  hours 

No  sand: 

Vacuum 

2.85 
2.70 

2.87 
2.81 

2.97 
2.84 

3.05 
2.97 

3.00 
2.97 

MOLASSES. 


On  sand: 

27.04 

27.  46 

.  27.94 

27.17 
27.40 
27.41 

27.  17 

10  consceul  i ve  hours 

27.  86 

28.  19 

28. 24 
28.53 

28. 42 
28. 07 

28. 50 

2S.  N2 

28   ffl 
28.78 

28.  85 
29.02 

(i  and  1  hours 

No  sand: 

27.  43 
27.68 

27. 64 
27.  85 

27. 98 
28.  l."» 

28.20 

28.31 

28.  17 

28.  1 1 
28.  58 

• 

From  these  figures  the  importance  of  not  allowing  the  Length  of  time  to  exceed  ten 
hours  is  noted,  as  active  decomposition  sets  in.  This  decomposition  was  greater  when 
sand  was  used  Hum  when  it  was  not,  a  result  one  would  naturally  expert. 


a  Centrbl.  Zuckerind.,  L908,  16  : 
b  .1    \iner.  Chem.  Soc.,  L901,  /•/ 


I L02;  Chemical  Abstracts,  L908,  t  :  2632. 
873. 


173 


Effect  of  Clarification  Agents  on  Polarization. 

The  work  carried  on  was  a  continuation  of  that  taken  up  a  number  of  years  ago. 
The  clarifying  agents  studied  were  neutral  lead  acetate,  subacetate  of  lead,  both  wet 
and  dry,  Herles'  solution  or  basic  lead  nitrate,  and  hydrosulphites.  An  additional 
feature  was  the  comparison  of  the  results  obtained  when  using  the  necessary  amount 
of  the  precipitant  and  when  using  an  excess. 

The  results  on  the  sugar  and  molasses  samples  will  be  considered  separately  and  for 
a  better  comparison  the  results  obtained  by  using  the  necessary  amount  of  clarifying 
agent  will  be  discussed.  Following  this  the  results  of  using  an  excess  of  clarifying 
agent  will  be  considered. 

Polarizations  of  sugar  with  different  clarifying  agents,  using  only  amount  necessary  for 

clarification. 

[Normal  weight  to  100  cc;  polarized  in  200  mm  tube;  sucrose  factor  142.66.] 

SUBACETATE  OF  LEAD. 


Analyst. 

Amount  of 

clarifying 

agent. 

Direct  po- 
larization. 

Corrected 
invert  po- 
larization. 

Tempera- 
ture of  po- 
larization. 

Sucrose  by 
Clerget 
method. 

A.  W.  Blair,  Florida 

cc. 

5 

2 

ol 

ol 

°V. 
93.00 
93.00 
92.80 
92.85 

c92.85 
93.40 
93.22 

c  90. 00 
93.05 

°V. 

-27.60 
-28.60 
-29. 86 
-29.20 

°C. 
28 
27 
25.5 
27 
22 
30 
30 
28 
27.5 
25.5 
27.4 
26.0 

Per  cent. 
93.73 

94.14 

J.  A.  Hall,  New  York  City 

94.43 

94  50 

W.  D.  Home,  Yonkers,  N.  Y.. 

c92.85 

dl 

-26.20 
-27.52 
-29.04 
-27.02 

93.69 

W.  P.  Naquin,  New  Orleans,  La 

2 
db 

1 
a0.5 

4 

1 

94.66 

c  92. 52 

F.  G.  Smith,  New  Orleans,  La 

93.14 

M.  H.  Wiley,  New  York  City 

92.55           -30.03 

94.38 

R.  N.  Wilson,  Florida 

93.80 
92.80 

-27.60 
-30.36 

94.14 

94.99 

93.05 

94.18 

DRY  SUBACETATE  OF  LEAD. 


A.  W.  Blair,  Florida 

Grams. 
0.5 
.5 
.5 
.5 
.27 

92.85 
92.60 
92.70 
92.70 
c 92.  70 
93.20 
92.96 
93.40 
92.89 
92.50 
93.41 
92.80 

-27. 40 
-29. 92 
-29.86 
-29.15 
-29.00 
-26. 10 
-28.40 
-28.60 
-27.07 
-29.92 
-26. 49 
-29. 15 

28.0 

24.5 

25.5 

27 

22 

30 

29 

28 

27.5 

25.5 

28.8 

26.5 

93.46 

P.  H.  Doherty,  New  Orleans,  La 

93.94 

J.  A.  Hall,  New  York  City.    . 

94.35 

G.  H.  Hardin,  New  York  City 

94.34 

W.  D.  Home,  Yonkers,  N.  Y 

c92.44 
93.45 

.1 

94. 67 

J.  H.  Parkins,  Richmond,  Va 

94.82 

F.  G.  Smith,  New  Orleans,  La 

93.09 

M.  H.  Wiley,  New  York  City... 

.5 
.5 
1.0 

94.23 

R.  N.  Wilson,  Florida 

93.48 

F.  Zerban,  New  Orleans,  La 

94.24 

92.90 

94.00 

NEUTRAL  LEAD 

ACETATE. 

A.  W.  Blair,  Florida 

cc. 
2 
3 
2 
5 
«3.6 
1 
3 
5 

n 

2 
3 

1 

92.90 
92.80 
92.60 
92.80 
92.40 
93.20 
93.10. 
c  92. 00 
93.14 
92.75 
93.58 
92.90 

-27.40 
-28.60 
-29.97 
-29.  75 

28 

27 

25.5 

26.0 

22.0 

30 

29.3 

28.0 

27.5 

25.5 

28.8 

26.5 

93.58 

P.  H.  Doherty,  New  Orleans,  La 

93.98 

J.  A.  Hall,  New  York  City 

94.28 

G.  H.  Hardin,  New  York  City... 

94.52 

W.  D.  Home,  Yonkers,  N.  Y 

-26. 50 
-27.85 
-29. 04 
-27.30 
-30.03 
-27.03 
-28.82 

93.77 

W.  P.  Naquin,  New  Orleans,  La 

J.  H.  Parkins,  Richmond,  Va 

94.48 
c94.07 

F.  G.  Smith,  New  Orleans,  La 

93.43 

M.  H.  Wiley,  New  York  City 

94.38 

R.  N.  Wilson,  Florida 

94.04 

F.  Zerban,  New  Orleans,  La 

93.98 

92.92 

94.04 

o54.3brix. 
b  56.0  brix. 


c  Not  included  in  average. 
d  1.25  sp.  gr. 


« 10  per  cent  solution. 
/20  per  cent  solution. 
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Polarizations  of  sugar  with  different  clarifying  nycnis.  using  only  amount  necessary  for 

clarification—  Continued. 

BASIC  LEAD  NITRATE  (HERLES'  SOUTIOX). 


Analyst. 

Amount  of 

clarifying 

agent. 

Direct  po- 
larization. 

Corrected 
invert  po- 
larization. 

Tempera-    Sucrose  by 
ture  of  po-       Clerget 
larization.      method. 

P.  H.  Dohertv,  New  Orleans,  La 

cc  each. 
2 
2 
5 

0.72 
5 
5 
5 
5 
5 
1 

°V. 
92. 60 
92.75 
92.80 
92.80 
93. 50 
93.32 

a  92. 22 
93.44 
92.80 
92.80 

°V. 

-29.  70 
-29.86 
-29.86 

°C. 
24.5 
25.5 
26.0 

Per  cent. 
93  78 

J.   V.  Hall.  New  York  City. . . 

94  40 

G.  II.  Hardin,  New  York  City  .. 

94  60 

W.  D.  Home.  Yonkers,  N.  Y 

-25.50 
-28.82 
-29.70 

30.0 
28.6 
28.0 

28.5 

9r>  r> 

93  21 

W.  P.  Naquin,  New  Orleans,  La 

95. 16 
a  94  76 

F.  G.  Smith,  New  Orleans,  La 

M.  H.  Wiley,  New  York  City 

-30.14 

94  57 

F.  Zerban,  New  Orleans,  La 

-30.47               26.0 

95.07 

Average 

92.98 

94.39 

ALUMINA  CREAM  AND  SODIUM  HYDROSULPHITE. 


92.20 

92.  eo 

93.10 
a  92.  00 

93.25 
a  94.  20 

92.50 

| 

W.  D.  Home,  Yonkers,  N.  Y 

0.7 

W.  L.  Howells,  New  Orleans,  La 

-25.80 
-30.80 
-26.90 
-26.83 
-31.24 

30.0 
28.0 
29.0 
28.8 
26.0 

93.  14 

F.  G.  Smith,  New  Orleans,  La 

93.75 

R.  N.  Wilson,  Florida.  .. 

a  94.  37 

F.  Zerban,  New  Orleans,  La 

95.  43 

Average 

92. 75 

94.11 

a  Not  included  in  average. 


The  results  of  individual  analysts  on  direct  polarization  compare  very  favorably 
in  each  method  of  clarification.  There  are,  however,  some  higher  figures  than  the 
average,  but  in  every  case  the  polarization  was  carried  on  at  a  lower  temperature  or 
an  excess  of  the  precipitant  was  used.  With  a  few  exceptions  the  results  on  sucrose 
by  the  Clerget  method  do  not  differ  so  widely  as  the  direct  polarizations.  This  differ- 
ence with  the  Clerget  method  is  most  likely  due  to  the  different  methods  of  inverting 
or  to  an  error  in  calculation.  As  a  check  for  the  first  error  it  is  well  to  run  a  test  on 
pure  sucrose  with  each  set  of  determinations.  This  is  especially  wise  in  case  of  invert- 
ing by  heat,  as  the  temperature  may  not  be  right  or  the  time  either  too  short  or  too 
long,  and,  as  a  result,  either  all  the  sucrose  has  not  been  inverted,  or  the  inversion  has 
been  carried  on  so  far  that  reversion  products  have  been  formed.  Even  in  the  stand- 
ing method  for  inversion  this  blank  is  valuable  in  determining  the  completeness  of 
the  inversion.  There  is  a  point  in  the  cold  inversion  that  should  receive  some  atten- 
tion. This  is  the  question  of  the  relation  of  time  and  temperature.  In  a  few  experi- 
ments on  the  same  sugar  solution,  one  inverted  by  standing  at  20°  ('.  for  twenty 
hours  showed  —12.3,  while  the  other  portion  by  standing  at  32°  for  twenty  hours 
showed  —12.08.     Theso  figures  would  make  a  difference  in  the  Clerget  sucrose. 

The  other  point,  error  in  calculation,  is  one  thai  for  sonic  reason  or  other  is  rather 
common.  The  inversion  is  carried  on  by  taking  50  cc  of  the  solution  and  adding 
5  CC  of  acid  and  not  correcting  the  reading  for  the  increase  of  10  per  cent  in  volume. 
Chemists  not  using  the  formula  often  should  guard  against  this  error,  as  the  difference 
amounts  to  nearly  3  per  cent  in  high  polarizations. 

In  comparing  the  average  results  of  direct  polarization  it  is  noted  that  hydrosul- 
phite  gives  the  lowesl  reading,  while  wet  subacetate  gives  the  highest.  The  normal 
acetate  and  Series9  solution   give   nearly  the  same  results.     Dry  subacetate  gives 

readings  that   are  lower  than   the  two  above  mentioned   and   stands  next   to  hydro- 
sulphite. 
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As  regards  the  decolorization  effect,  Herles'  solution  equals  wet  subacetate.  The 
dry  subacetate  gives  solutions  a  little  darker  than  the  above,  and  next  in  order  is  neu- 
tral acetate.  Hydrosulphite  gives  a  good  decolorization,  but  under  certain  conditions 
the  solutions  become  murky  from  the  precipitation  of  sulphur  and  also,  on  standing, 
the  color  returns  again. 

When  the  precipitation  agents  are  used  in  excess,  the  readings  are  all  higher,  as 
shown  by  the  following  table.  This  increase  is  no  doubt  due  largely  to  the  solution 
becoming  more  concentrated  from  the  increased  amount  of  precipitation,  and  partly 
also  from  a  change  in  rotation  due  to  the  salts. 

Polarizations  of  sugar  with  different  clarifying  agents,  using  an  excess  of  clarifier. 

[Normal  weight  to  100  cc;  polarized  in  200  mm  tube;  sucrose  factor  142.66.] 
.  SUBACETATE  OF   LEAD. 


Analyst, 

Amount  of 

clarifying 

agent. 

Direct  po- 
larization. 

Corrected      Tempera- 
invert  po-  !  ture  of  po- 
larization,    larization. 

Sucrose  by 
Clerget 
method. 

cc. 

3 
"4 
a3 
62 
c2 

3 
clO 

2 
a3 

6 

{         I 

°  V. 
93.00 
92.95 
92.95 
92.90 
93.50 
93.24 

d  91.  60 
93.15 
92.80 
94.00 
92.80 
92.90 

°  V. 
-28. 60 
-29.70 
-29.20 

°  a 

27 

25.5 

27 

22 

30 

30.3 

28.0 

27.5 

25.5 

28.0 

25.5 

25.5 

Per  cent. 
94.14 

J.  A.  Hall,  New  York  City 

94.42 

G.  H.  Hardin,  New  York  City.. 

94.58 

W.  D.  Home,  Yonkers,  N.  Y.     . 

-26.00 
-27.  56 
-29.04 
-27.30 
-29.70 
-27.00 
-30.25 
—30. 14 

93.60 

94.74 

d  93.  77 

F.  G.  Smith,  New  Orleans,  La 

M.  II.  Wiley,  New  York  City 

93.44 
94.30 

It.  N.  Wilson,  Florida 

94.05 

94.72 

94.71 

93.11 

94.26 

DRY   LEAD    SUBACETATE. 


P.  H.  Doherty,  New  Orleans,  La 

W.  D.  Home,  Yonkers,  N.  Y. 

Grams 

1.00 

.75 

.50 

1.00 

2.00 

92.60 
92.75 
93.26 
93.61 
92.50 

-29.  70 

24.5 

93.75 

-28.53 
-26.  63 
-29. 15 

28.8 
29.0 
26.5 

94.95 

R.  N.  Wilson,  Florida 

93.82 

94.00 

92.94 

94.13 

NEUTRAL   LEAD   ACETATE. 


cc. 

4 
5 
10 
2 

92.80 

93.28 

d  91.  00 

92.80 

-28.  60 
-27.98 
-29.04 
-29.26 

27.5 
29.2 
28.0 
26.5 

94. 18 

94.69 

d  93. 30 

F.  Zerban,  New  Orleans,  La 

94.32 

92.96 

... 

94.39 

BASIC   LEAD   NITRATE. 

P.  H.  Doherty,  New  Orleans,  La 

W.  L.  Howells,  New  Orleans,  La 

W.  P.  Naquin,  New  Orleans,  La 

cc  each. 

4 
10 
10 
10 

2 

92.80 
93.60 
93.20 
93.55 
93.00 

-29.  70 
-25.50 
-33. 22 

25.0                 94.11 
30.0  !              93.29 
18. 2                94.  65 

F.  G.  Smith,  New  Orleans  La 

28.5    

F.  Zerban,  New  Orleans,  La 

-30.  47 

26.  0                95. 22 

93.23 

i             94.32 

54.3  brix. 


b  56  brix. 


1.25  sp.  gr. 


d  Not  included  in  average. 


The  greatest  difference  is  in  the  Herles'  solution,  then  comes  the  wet  and  dry  sub- 
acetate, which  show  about  the  same  increase,  and  the  least  increase  is  with  normal 
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acetate.  This  would  naturally  be  expected,  as  the  Herles'  solution  forms  a  precipi- 
tate in  itself,  hence  causing  concentration,  and  the  excess  of  wet  lead  subacetate 
causes  an  increase  and  also  a  change  of  precipitate,  thereby  changing  the  concentra- 
tion, while  the  normal  acetate  produces  no  more  precipitate  with  an  excess,  and  hence 
no  change  of  concentration. 

As  regards  the  danger  of  adding  an  excess,  this  is  the  least  in  case  of  the  neutral 
acetate,  as  an  excess  is  indicated  when  no  more  precipitate  continues  to  form.  When 
using  wet  subacetate  a  better  clarification  is  reached  before  the  point  where  more  ace- 
tate will  produce  a  further  precipitation.  With  dry  lead  it  is  difficult  to  determine 
when  enough  has  been  added.  To  add  by  weight  takes  much  time,  but  where  many 
determinations  are  to  be  made  varying  measures  or  cups  could  be  used,  the  weight 
of  the  contents  having  been  previously  determined.  It  has  the  fault  of  precipitating 
reducing  sugars  in  as  large  quantities  as  the  wet  subacetate,  as  noted  in  last  year's 
report;  besides,  an  excess  of  this  reagent  increases  the  volume  of  the  solution,  thereby 
lowering  polarization.  This  effect  is  shown  in  the  following  experiment:  Six  hundred 
cubic  centimeters  of  a  solution  of  pure  sucrose  were  made  up  and  five  100  cc  flasks  were 
filled  and  the  following  quantities  of  the  dry  subacetate  were  added,  shaken,  and  then 
polarized,  care  being  taken  that  the  polarization  was  made  at  20°  C. 

Polarization  of  pure  sucrose  solution  with  varying  amounts  of  dry  lead. 


Number. 

Dry  sub- 

Polariza- 

acetate. 

tion. 

Grams. 

0  V. 

1 

0.0 

81.25 

2 

.5 

81.1 

3 

1.0 

81.05 

4 

1.5 

81.0 

5 

2.0 

80.9 

It  is  noted  from  the  table  that  the  polarization  has  been  lowered  0.35°  by  the  addition 
of  2  grams  of  the  dry  lead. 

The  greater  part  of  the  lead  subacetate  went  into  solution  even  up  to  the  2  gram 
quantity,  and  only  a  cloud  was  noted.  The  meniscus  of  the  liquid  in  the  flasks 
containing  the  added  lead  subacetate  was  above  the  100  mark  in  each  case,  showing 
an  increase  in  volume. 

Experiments  were  tried  to  determine  this  increase  in  volume.  Five  accurately 
graduated  flasks  with  glass  stoppers  were  used,  and  into  these  were  weighed  the  varying 
quantities  of  dry  subacetate,  as  in  the  previous  experiment.  A  100  cc  pipette  was 
used  and  an  equal  amount  of  solution  of  sucrose  was  added  to  each  flask,  the  flasks 
being  shaken  during  the  addition  of  the  solution.  When  added,  the  flasks  were 
corked  up  and  allowed  to  stand  over  night.  The  height  of  the  Liquid  being  marked 
on  the  neck  of  the  flasks,  the  contents  were  poured  out  and  the  flasks  cleaned  and 
dried.  By  means  of  a  Morse-Blalock  pipette,  capable  of  reading  to  0.005  cc.  the  flasks 
were  filled  to  the  mark.     The  results  are  tabulated  below: 

Volumes  of  solution  of  pure  sucrose  when  adding  various  amounts  of  dry  subacetate. 


No. 

Dry  sub- 

aeetale  of 
lead  added. 

Content. 

Calculated 

to  LOO. 

2 
3 

4 
5 

Orams. 
0.0 

.:, 
in 
l  :, 
2.0 

cc. 
99  90 

99. '.»! 
KM).  02 

loo.  is 
100.21 

CC. 

100.00 
100.01 
LOO.  L2 
100.28 

H mi.  32 
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An  increase  of  0.32  cc  in  volume  by  the  addition  of  2  grams  of  dry  subacetateia 
noted,  and,  with  a  solution  polarizing  81.25°,  as  in  the  experiment  given  above, 
the  calculated  polarization  for  this  increase  in  volume  would  be  80.99°.  The  solu- 
tion actually  polarized  80.9°.  Home  a  gives  0.22  cc  as  the  increase  in  volume  on  1 
gram  of  subacetate.  Pellet  has  shown  it  to  be  0.37  cc.  The  referee's  sugar  sample 
for  this  year,  worked  as  above  described,  showed  the  following  changes  in  volume  in 
two  experiments: 

Changes  in  volume  using  official  sugar  samples. 


No. 

Dry  sub- 
acetate 
lead  added. 

Experi- 
ment 1. 

Experi- 
ment 2. 

1 
2 
3 
4 
5 

Grams. 
0.0 
.5 
1.0 
1.5 
2.0 

100.  00 
100.  09 
100.  25 
100.  32 
100.  53 

100.  00 
100. 14 
100. 19 
100.  34 
100.58 

An  average  increase  in  volume  of  about  0.55  cc  is  noted,  this  being  due  to  the  pre- 
cipitate formed  and  also  to  the  fact,  as  shown  above,  of  the  solution  of  the  lead 
subacetate. 

From  these  experiments  it  is  seen  that  clarification  with  dry  lead  introduces  the 
same  errors  as  with  wet  lead,  viz,  a  precipitation  of  the  reducing  sugars,  and  also 
where  used  to  excess  a  change  in  volume.  The  latter  effect  with  wet  lead  acetate  as 
a  clarifier  tends  to  raise  the  readings,  while  with  dry  lead  there  is  a  tendency  to  lower 
them.  However,  in  using  the  dry  subacetate  of  lead  the  errors  are  compensating, 
since  the  increase  in  volume  tends  to  lower  the  reading  and  the  precipitation  of  the 
levulose  to  raise  it,  while  with  wet  subacetate  the  volume  is  decreased  by  the  forma- 
tion of  the  precipitate,  hence  the  reading  increased,  and  this  is  again  increased  by  the 
precipitation  of  the  levulose.  Dry  lead  subacetate  is  a  step  in  advance  in  the  search 
for  the  best  clarifying  agent,  and  further  experiments  are  in  progress;  but  so  far  the 
perfect  clarifying  agent  for  dark-colored  sugar  solutions  has  not  been  found. 

As  to  the  use  of  hydrosulphites  as  a  bleach  for  solutions  to  be  polarized  there  are 
serious  objections.  When  large  quantities  of  reducing  sugars  are  present  in  the  sample 
the  reading  is  lowered.  This  was  pointed  out  at  last  year's  meeting  by  the  writer. 
The  rotation  of  one  of  the  sugars,  dextrose,  is  decidedly  lowered;  hence  the 
polarization  is  lowered  if  the  sample  contains  much  dextrose.  This  change  of 
rotation  of  dextrose  is  due  to  the  formation  of  an  oxysulphonate  which  has  a  levoro- 
tation.  The  dissociation  of  the  glucose  (dextrose)  oxysulphonate  can  be  measured 
by  this  fact.  In  the  experiments  cited  no  inversion  of  sucrose  by  this  substance 
was  noted,  but  later  literature  shows  numerous  cases  of  inversion  by  using  commercial 
hydrosulphite. 

Where  the  quantity  of  reducing  sugars  is  small,  there  is  very  little  reduction  in  the 
polarization  due  to  the  formation  of  this  compound,  and  it  has  this  merit,  that  readings 
are  not  vitiated  by  a  change  in  volume  due  to  a  precipitate.  These  compounds,  hydro- 
sulphites,  while  stable  under  most  conditions,  are  very  easily  decomposed  in  moist 
air  and  also  on  long  standing,  and  hence  lose  their  power  of  decolorization.  And  again, 
their  power  of  decolorization  is  limited,  as  they  have  no  effect  on  caramel  bodies 
(those  which  give  the  dark  color  to  molasses)  but  do  bleach  intermediate  substances, 
which  on  longer  heating  would  vield  caramel. 


a  J.  Amer.  Chem.  Soc,  1907,  29:  928. 
73673— Bull.  122—09 12 
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Molasses  Sample. 

Unfortunately  the  sample  of  molasses  selected  for  the  collaboration  work  was  of  such 
a  consistency  that  fermentation  started  after  shipping,  and  the  results  are  not  of  such 
value  as  they  might  have  been  had  this  not  occurred.  The  reserve  sample  also  was 
found  to  be  fermented,  so  that  it  was  not  possible  to  make  check  results. 

The  results  as  received  from  the  collaborators  are  given  here  in  tabular  form. 

Polarization  of  molasses  with  different  clarifying  agents,  using  only  amount  necessary 

for  clarification. 


SUBACETATE 

OF  LEAD. 

Analyst. 

Amount  of 

clarifying 

agent. 

Direct  po- 
larization. 

Corrected     Tempera- 
invert  po-  1  ture  of  po- 
larization. ;  larization. 

Sucrose  by 
Clerget 
method. 

A.  W.  Blair,  Florida 

cc. 

5 
8 
6 
8 
5 
6 
5 

°  V. 
42.56 
43.00 

a  43.  40 
42.42 
42.40 
43.72 

a  41. 80 

°  V. 

-20.00 

-18.26 

-15.80 

-20. 59 

-17.60 

-17.35 

-19.36 

°  C. 
22.0 
26.5 
23.2 
22.6 
26.3 
27.5 
27.0 

Per  cent. 

47.  51 

47.33 

n  45. 17 

W.  P.  Naquin,  New  Orleans,  La 

J.  H.  Parkins,  Richmond,  Va 

47.90 
46.33 

47.38 

"  47.  35 

42.82 

47.29 

DRY  SUBACETATE 

OF  LEAD. 

A.  W.  Blair,  Florida 

Grams. 
1.0 
2.0 

42.00 
42.54 

a  43. 10 
42.36 

a  42. 60 
44.22 
42.00 

-19.04 
-17.82 
-16.60 
-20.06 
-19.80 
-16.85 
-20.02 

22.0 
27.5 
23.2 
23.5 
26.5 
27.5 
26.0 

46.37 

P.  H.  Doherty,  New  Orleans,  La. . . , 

46.86 

W.  L.  Howells,  New  Orleans,  La 

a  45. 56 

W.  P  Naquin,  New  Orleans,  La 

J.  H.  Parkins,  Richmond,  Va 

2.0 

47.68 
a  48. 26 

F.  G.  Smith,  New  Orleans,  La.... 



47.37 

F.  Zerban,  New  Orleans,  La 

2.0 

47.82 

Average 

42.63 

47  22 

BASIC  LEAD  NITRATE. 


NEUTRAL  LEAD  ACETATE. 

A.  W.Blair,  Florida 

cc. 

2 

12 
6 

10 
5 
6 
5 

42.00 
42.80 

a  42.  90 
42.04 

«42.00 
43.47 
42.00 

-19.84 
-17.91 
-14.00 
-20. 10 
-22.00 
-17.45 
-19.58 

22.0 

27.5 
23.0 
23.4 
26.3 

27.  5 

25.  0 

46.97 

P.  H.  Doherty,  New  Orleans,  La 

47.09 

W.  L.  Howells,  New  Orleans,  La 

a  43. 42 

W.  P.  Naquin,  New  Orleans,  La 

47.45 

J.  II.  Parkins,  Richmond,  Va 

i  49.  49 

F.  G.  Smith,  New  Orleans,  La 

47.26 

47.31 

Average 

42.46 

47.22 

P.  II.  Doherty,  New  Orleans,  La 

cc  each . 
5 
5 
5 
5 
5 
5 

42.60 
44.00 
42.46 
43.20 
43.90 
a  41.  90 

-18.26 
-17.40 
-20.24 
-19.80 
-17.50 
-20.24 

27. 5 
23.2 
23.6 

26.  5 

47.22 

\V.  L.  Howells,  New  Orleans,  La 

46.  Bfl 

47.89 

J.  II.  Parkins.  Richmond,  Va 

48.  68 

V.  C.  Smith,  Now  Orleans,  La.... 

27.5                 47.62 

F.  Zerban,  New  Orleans,  La 

24.0             o  47.68 

43.23 

47.65 

ALUMINA  CREAM    W'l>  soDUM   HYDROSULPHITE. 


P.  IF.  Doherty,  New  Orleans,  La 

42.00 
42. 40 
41.96 
42.00 
42.  07 
40.60 

-18.20 

-21.31 

-is. -IS 

•    -17.53 

1 

23.  2 
IS.  6 
26.  5 
29.0 
24.0 

46. 26 

W.  I'.  Naquin,  New  Orleans,  La 

47.46 

.f.  II.  Parkins,  Richmond,  Va 

•16.  73 

V  .  O.  Smith.  New  Orleans,  l.a 

47.21 

V.  Zerban,  New  Orleans,  La 

47.41 

\  yerage 

41.99 

47.01 

"  Omitted  from  average. 
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A  comparison  of  the  average  direct  polarizations  develops  the  fact  that  the  hydro- 
sulphites,  as  in  the  case  of  the  sugar  sample,  give  the  lowest  readings,  neutral  lead 
acetate  next,  and  then  dry  and  wet  lead  subacetate,  which  are  about  the  same.  The 
polarization  with  Herles'  solution  is  the  highest.  The  low  polarization,  when  using 
hydrosulphites,  has  been  already  explained.  Leaving  that  one  out  and  the  Herles' 
polarization,  the  other  three  agree  fairly  well.  The  calculations  for  sucrose  by  the 
Clerget  formula  give  results  that  agree  very  closely.  The  highest  is  the  Herles'  result. 
When  this  reagent  is  used,  the  factor  is  not  142.66,  but  143.5,  due  to  the  fact  of  the 
presence  of  a  nitrate,  instead  of  an  acetate  salt.  Using  this  factor,  the  results  would 
be  lower. 


Polarization  of  molasses  with  different  clarifying  agents,  using  an  excess  of  clarifier. 
SUBACETATE  OF  LEAD. 


Analyst. 

Amount  of 

clarifying 

agent. 

Direct  po- 
larization. 

Corrected 
invert  po- 
larization. 

Tempera- 
ture of  po- 
larization. 

Sucrose  by 
Clerget 
method. 

P.  H.  Doherty,  New  Orleans,  La 

cc. 

10 
8 
10 
10 
8 
f             7.5 

\        io 

°  V. 
43.24 

a  43. 50 
42.50 
43.60 
43.92 
42.00 
42.30 

°  V. 

-18.04 

-15.12 

- 19. 75 

-17.60 

-17.33 

-19.58 

-18.81 

0  C. 
27.0 
23.2 
24.2 
26.3 
27.5 
27.0 
26.0 

Per  cent. 
47.44 

a  44  73 

47  68 

J.  H.  Parkins,  Richmond,  Va 

46.55 

47  52 

F.  Zerban,  New  Orleans,  La 

47.68 

47.13 

Average 

42.94 

47.33 

DRY  SUBACETATE  OF  LEAD. 


P.  H.  Doherty,  New  Orleans,  La 

W.  P.  Naquin,  New  Orleans,  La 

F.  Zerban,  New  Orleans,  La 

Grams. 
3.0 
3.0 
4.0 

43.04 
42.85 
42.40 

-17.60 
-19.05 
-19.36 

27.5 
23.0 
26.0 

47.04 
47.19 
47.63 

Average 

42.76 

47.29 

NEUTRAL  LEAD  ACETATE. 


P.  H.  Doherty,  New  Orleans,  La 

W.  P.  Naquin,  New  Orleans,  La 

J.  H.  Parkins,  Richmond,  Va 

F.  Zerban,  New  Orleans,  La 

{ 

cc. 
15 
15 
10 
7.5 
10.0 

43.00 
42.16 
a  42.  00 
42.10 
42.10 

-18.26 
-20.28 
-22.00 
-19.58 
-19.58 

27.5 
23.0 
26.3 
25.0 

25.0 

47.52 
47.60 
a  49.  49 
47.39 
47.39 

Average *. 

42.34 

47.48 

BASIC  LEAD  NITRATE. 


P.  H.  Dohertv,  New  Orleans,  La 

{ 

cc  each. 
10 

10 
10 
10 
7.5 
10.0 

43.40 

a  44.  02 

a  44. 40 

44.30 

42.50 

42.80 

-17.82 
-20. 15 
-15.40 
-17.47 
-19.03 
-18.70 

27.0 
23.5 
23.2 
27.5 
26.5 
27.0 

47.39 

W.  P.  Naquin,  New  Orleans,  La 

W.  L.  Howells,  New  Orleans,  La 

a  49. 02 
a  45. 64 

F.  G.  Smith,  New  Orleans,  La 

47.92 

F.  Zerban,  New  Orleans,  La 

47.55 
47.62 

Average 

43.25 

47.62 

a  Omitted  from  average. 

When  an  excess  of  reagent  is  used  all  the  polarizations  are  raised,  as  shown  in  the 
preceding  tables.  In  the  direct  polarization,  clarification  with  an  excess  of  dry  sub- 
acetate  gives  the  least  increase  in  polarization,  while  the  greatest  is  noted  with  Herles' 
solution.  Neutral  acetate  shows  a  lower  reading  when  used  in  excess.  The  agreement 
in  the  Clerget  calculation  here  is  closer  than  in  the  other  cases. 
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Summing  up  the  work,  it  can  be  said  that  where  reducing  sugar  determinations 
follow  polarizations  the  clarifying  agent  should  be  neutral  lead  acetate.  But  for 
ordinary  polarization  work,  where  the  reducing  sugar  content  is  not  high,  either  sub- 
acetate  or  neutral  acetate  can  be  used.  "Where  the  content  of  invert  sugar  is  high,  a 
double  polarization  is  necessary  to  obtain  the  correct  figure  for  sucrose,  and  then  any 
of  the  clarifying  agents  can  be  used,  but  care  should  be  taken  not  to  use  an  excess. 

There  is  one  point  to  which  special  attention  should  be  called,  namely,  the 
estimation  of  reducing  sugars.  In  Bulletin  107,  Revised,  page  53,  under  6,  Direct 
Weighing  of  Cuprous  Oxid,  the  weighing  as  cuprous  oxid  will  give  too  high  results  if 
the  material  under  examination  is  high  in  nitrogenous  matter  or  mineral  salts;  xanthin 
bases  and  some  other  nitrogenous  bodies  are  thrown  down  by  the  Fehling  solution 
along  with  the  cuprous  oxid.  Also  some  salts  are  precipitated,  and  would  be  weighed 
as  cuprous  oxid,  thereby  giving  false  results.  This  has  been  conclusively  shown  by 
C.  A.  Browne  in  his  reports  as  referee  on  sugar  for  the  past  two  years,  and  is  borne  out 
in  all  of  the  referee's  work.  In  such  cases  the  copper  of  the  precipitate  must  be  de- 
termined direct  either  as  cupric  oxid  or,  better,  by  some  volumetric  method,  as  Low's, 
where  the  cuprous  oxid  is  dissolved,  treated,  and  finally  the  copper  estimated  by 
titration  with  thiosulphate.  This  is  a  longer  procedure  than  the  weighing  as  red  oxid, 
but  it  should  be  done  if  reliable  and  accurate  figures  are  to  be  obtained. 

Recommendations  on  Sugar. 

It  is  recommended — 

(1)  That  the  question  of  the  influence  of  precipitants  upon  the  polarization  of  sugars 
be  further  investigated. 

(2)  That  the  question  of  methods  of  determining  moisture  or  dry  substance  be 
further  investigated . 

(3)  That  the  method  of  determining  dry  substance  by  means  of  the  refractometer 
and  the  table  of  Geerligs  be  adopted  provisionally  by  the  association. 

(4)  That  under  "Methods  for  the  Determination  of  Copper  contained  in  the  Pre- 
cipitate of  Cuprous  Oxid,"  pages  51-53,  Official  Methods,  Bulletin  107,  Revised  (6) 
"Direct  "Weighing  of  Cuprous  Oxid,"  there  be  a  limitation  inserted,  viz:  "This  method 
should  not  be  used  in  determining  reducing  sugars  in  commercial  products,  as  other 
substances  are  precipitated  along  with  the  cuprous  oxid.  In  these  products  the 
copper  of  the  cuprous  oxid  should  be  determined  direct  by  titration  as  in  Low's 
method  (ibid.,  241)  or  as  cupric  oxid." 

DETECTION   OF  SMALL  PERCENTAGES  OF  COMMERCIAL  GLUCOSE 
IN  SIRUPS  AND  HONEY. 

By  A.  H.  Bryan,  Referee. 

The  provisional  method  of  this  association  is  the  one  described  on  page  70  of  Bulletin 
107,  Revised.  It  calls  for  a  polarization  of  the  inverted  solution  at  87°  C.  A  dextro- 
rotary  reading  at  this  temperature  is  said  to  be  due  to  commercial  glucose.  And  to 
obtain  the  percentage  of  glucose,  the  method  divides  this  reading  by  the  factor  163 
and  multiplies  by  100. 

C.  A.  Browne,  in  his  report  on  honey,  Bulletin  110,  shows  that  normal  honey 
naturally  has  a  dextrorotation  ;ti  87°  C.  and  hence  the  results  of  a  determination  by  this 
method  would  not  express  the  truth.  The  dextrorotation  of  a  honey  is  due  to  honey 
dextrins.    These  arc  of  a  different  character  from  those  obtained  by  acid  hydrolysis  of 

starch,  or  such  as  occur  in  commercial  gluC086.  ( >ne  point  of  difference  is  ihe  fad  that 
honey  dextrin  LB  not  colored  by  iodin  solution,  while  the  dextrins  of  glucose,  except  in 
cases  of  a  high  conversion  product,  are  colored  by  iodin.     By  means  of  this  test,  l>e<k- 
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man's  test, a  as  it  is"  called,  one  can  distinguish  between  these  dextrins,  and  hence 
can  say  whether  commercial  glucose  has  been  added.  Browne  called  attention 
to  the  importance  of  this  test.  He  also  gave  methods  for  the  determination  of  the 
percentage  of  glucose  present  in  mixtures.  In  the  following  table  are  given  analyses 
of  mixtures  of  different  amounts  of  glucose  and  honey: 

Analyses  of  mixtures  of  commercial  glucose  and  clover  honey. 


Mixture. 

Constant 

Invert  polariza- 
tion— 

Polari- 
zation 
differ- 
ence 
(87°- 
20°). 

Invert  sugar— 

Calculated  gl 

acose. 

100- 

direct 

Invert 

( cor- 

polari- 

Invert. 

polari- 

rected 

zation 

Before 

After 

polari- 

zation 

polari- 

Glucose. 

Honey. 

at  20°  C. 

At  20°  C. 

At  87°  C. 

in- 

in- 

zation 

at  (20° 

zation 

version  . 

version. 

at87°H- 

C- 

differ- 

1.63. 

17.5)+ 

1.93. 

ence  X 

100+ 

26.7). 

Per  ct. 

Perct. 

"  V. 

°  V.            '  V. 

°  V. 

Per  a. 

Perct. 

Perct. 

Perct. 

Perct. 

100 

+  153.8 

+  153.34  I  +144.32 

30.02 

30.45 

88.5 

88.5 

50 

50 

+  67.0 

+  65.67     +  73.81 

8.14 

53.67 

54.50 

45.3 

43.1 

56.9 

20 

80 

+  15.4 

+  13.42  1  +  33.00 

19.58 

69.00 

70.35 

20.2 

16.0 

19.2 

10 

90 

-     2.4 

-     4.84  !  +  18.59 

23.43 

74.42 

74.12 

11.4 

6.6 

8.8 

5 

95 

-  11.5 

-  14.30 

+  11.66 

25  96 

75.74 

77.80 

7.2 

1.6 

3.8 

3 

97 

-  14.2 

-  16.94 

+     9.13 

26.07 

76.62 

78.01 

5.6 

.29 

3.7 

2 

98 

-  16.0 

-  18.70 

+     8.14 

26.84 

76.64 

78. 34 

5.0 

.00 

1.2 

1 

99 

-  18.2 

-  20.90 

+    6.93 

27.83 

77.20 

78.87 

4.2 

.00 

.0 

100 

-  19.5 

-  22.11 

2S.05 

77.68 

78.93 

3.2 

.00 

.0 

In  the  direct  and  invert  polarizations  it  is  noted  that  there  is  a  gradual  change  from 
a  "plus"  polarization  to  a  "minus"  polarization,  due  to  the  increase  of  the  glucose 
percentages.  With  reducing  sugars  before  and  after  inversion  there  is  again  a  large 
increase  with  the  decrease  of  glucose.  The  difference  in  polarization  of  the  inverted 
solution  at  20°  and  87°,  as  shown  in  column  4,  increases  from  8.14  to  28.05.  C.  A. 
Browne  found  that  nearly  95  per  cent  of  his  samples  of  pure  honey  showed  a  difference 
ranging  from  23  to  30  and  the  lowest  was  about  20.  Taking  23  as  a  low  figure,  a  mixture 
of  10  per  cent  of  glucose  with  honey  would  not  be  considered  adulterated.  If,  how- 
ever, the  natural  honey  had  not  shown  such  a  high  difference,  viz,  28.05,  then  10  per 
cent  would  be  easily  detected  by  this  figure;  but  by  adding  up  to  5  per  cent  this 
difference  is  not  noticeable,  and  also  the  other  analytical  figures  would  not  indicate 
the  presence  of  glucose.  It  is,  however,  easily  distinguishable  when  Beckman's  test 
is  applied  to  the  honey.  In  fact,  with  the  addition  of  as  low  as  1  per  cent  of  glucose, 
its  presence  can  be  recognized  by  this  test,  especially  if  the  dextrins  are  precipitated 
by  alcohol  and  then  dissolved  in  water,  thereby  concentrating  them. 

In  the  last  three  columns  of  the  table  the  results  of  determining  per  cents  of  glucose 
by  the  three  different  methods  are  given.  It  is  seen  that  the  method  proposed  by 
Browne  gives  the  figures  closest  to  the  actual  mixture.  Obviously  in  honey  work 
Beckman's  test  should  be  employed  in  all  cases,  and  in  the  hands  of  ordinary  chemists 
after  a  few  trials  it  will  give  good  results. 

As  to  the  need  for  such  a  test,  it  is  a  well-known  fact  that  where  commercial 
invert  sugar  is  used  in  a  mixture  of  honey,  also  where  honeys  that  crystallize  are 
used,  a  small  percentage  of  glucose  is  quite  often  added  to  prevent  this  crystallization. 
Cases  are  on  record  of  such  mixtures  where  less  than  1  per  cent  of  glucose  was  added. 
The  iodin  test  will  indicate  the  presence  of  glucose  down  to  that  amount. 

Along  this  line  the  same  question  comes  up  in  the  examination  of  sirup  and  molasses.' 
As  is  well  known,  glucose  is  added  to  these  products  in  large  quantities,  and  again  in 

«Zts.  anal.  Chem.,  1896,  55:267. 
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other  cases  it  is  added  in  smaller  quantities  for  the  same  purpose  as  in  the  case  of  honey. 
To  be  able  to  determine  the  small  quantity  is  the  problem. 

In  the  first  place,  molasses  or  sirup  from  cane  may  show  some  polarization  at 
87°  C.  on  the  inverted  solution.  This  polarization  is  generally  to  the  right,  though 
there  are  cases  where  it  was  to  the  left.  This  dextrorotation  may  be  due  to  a  pre- 
ponderance of  dextrose  in  the  reducing  sugars  of  the  sample  due  to  the  easy  decompo- 
sition of  the  levulose  or  may  be  due  to  the  decomposition  products  formed  when  the 
raw  juice  is  being  defecated  with  lime,  or  by  chance  it  might  come  from  a  special  fer- 
mentation of  the  sample  forming  dextran.  However,  it  can- be  said  not  to  be  due  to 
dextrins.  The  normal  polarization  of  sirups  and  molasses  has  been  studied  in  samples 
of  known  purity  from  Louisiana  and  is  given  in  the  following  table: 

Polarization  of  Louisiana  molasses  and  sirup. 
MOLASSES. 


Corrected  invert 

Direct  po- 
larization 

polarization— 

Dry  suh- 

at  20°  C. 

At  20°  C. 

At  87°  C. 

°F. 

°V. 

°r. 

Per  cent. 

40.8 

-20.  24 

+2.2 

80.8 

24.6 

-20.9 

+2.2 

76.8 

26.0 

-18.26 

+3.  52 

76.8 

42.4 

-16.94 

+2.42 

78.2 

52.4 

-16.28 

+2.20 

69. 1 

55.6 

-13.59 

+4.18 

69.6 

39.6 

-18.04 

+2.20 

80.8 

39.6 

-17.82 

+2.20 

79.0 

44.0 

-17.16 

+  2.  64 

72.0 

42.0 

-17.60 

+2.  42 

73.8 

42.4 

-17.27 

+3.52 

76.  1 

41.6 

-16.94 

+3.  96 

74.0 

52.4 

-17.60 

+3.  52 

76.1 

26.6 

-19.8 

.00 

78.1 

50.8 

-25.  08 

+1.10 

87.5 

22.6 

-16.72 

+3.96 

84.1 

41.6 

-14.74 

+1.10 

75.0 

45.6 

-15.4 

+2.20 

78.0 

SIRUP. 


48.4 
54.0 
50.2 
50.4 
61.8 

-17.6 
-18.7 
- 12.  1 
-14.3 
-16.5 

+1.98 
+3.30 
+6.16 
+1.76 
+2.20 

74.3 
68.3 

+2.65 

+6. 16 

0.00 

It  is  noted  that  the  average  is  -f  2.65,  the  minimum  0.00,  and  maximum  -f  G.16. 
The  sample  giving  +6.16  was  badly  fermented,  hence  its  high  figure.  There  remain 
about  100  samples  to  be  examined,  and  when  these  are  finished  more  definite  figures 
can  be  obtained.  As  far  as  the  work  has  progressed,  about  +5.5  is  the  maximum  for 
the  invert  readingat87°  C.  The  iodin  method  spoken  of  in  the  honey  work  can  be  used 
here,  but  the  sample  must  receive  some  previous  treatmenl  before  applying  the  test. 
Ten  grams  of  the  sample  can  be  diluted  with  a  little  water  (if  the  sample  be  a  molae 
and  shaken  with  95  per  cent  alcohol,  adding  a  little  al  a  time  with  shaking.  The  pre- 
cipitate settles  on  standing.  When  settled,  pour  off  the  alcohol,  add  a  little  water  to 
dissolve  the  precipitate,  heat  in-  11  necessary,  and  then  reprecipitate with  95  percent 
alcohol.  Repeal  a  number  of  times.  If  the  solution  of  this  material  in  water  is  still 
dark  in  color,  filter  through  charcoal,  or,  better,  add  a  drop  of  hydrochloric  acid  and 
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reprecipitate  the  dextrins  with  alcohol.  Wash  the  precipitate  with  95  per  cent 
alcohol,  finally  dissolve  in  water,  and  then  test  with  iodin.  A  blank  of  pure  water 
should  also  be  treated  with  the  same  quantity  of  iodin  solution  and  run  with  the  test. 
A  positive  test  of  erythro-dextrin  or  amylo-dextrin  is  sufficient  proof  of  the  presence  of 
commercial  glucose. 

Mr.  Davidson,  as  chairman  of  the  committee  to  present  the  ques- 
tion of  the  unification  of  terms  to  the  International  Congress  of 
Applied  Chemistry ,  stated  that  the  committee  would  present  the 
question  according  to  their  instructions  at  the  meeting  to  be  held 
May  29,  1909,  and  report  the  results  to  the  association  at  its  subse- 
quent annual  meeting. 

REPORT  OF  COMMITTEE  A  ON  RECOMMENDATIONS  OF  REFEREES. 

By  R.  J.  Davidson,  Chairman. 

Nitrogen. 

Two  recommendations  (Nos.  2  and  4,  Circular  38,  p.  1)  made  by  the  referee  in  1907, 
and  referred  to  the  referee  for  1908,  in  regard  to  the  use  of  copper  sulphate  in  the 
Kjeldahl  and  Gunning  methods,  were  again  recommended  for  final  action  and  were 
adopted.     These  changes  in  the  official  methods  read  as  follows: 

(1)  Bulletin  107,  revised,  page  6,  line  4,  under  "(3)  Determination,"  after  the 
words  "sulphuric  acid,"  insert:  "From  0.1  to  0.3  gram  of  crystallized  copper  sulphate 
may  also  be  used  in  addition  to  the  mercury  or  in  lieu  of  it." 

(2)  Bulletin  107,  revised,  page  7,  line  4,  under  "(3)  Determination,"  after  the 
words  "sulphuric  acid,"  insert:  "From  0.1  to  0.3  gram  of  crystallized  copper  sulphate 
may  also  be  added." 

Recommendations  (3)  and  (4)  offered  by  the  referee  for  adoption  were  modified  as 
follows  and  proposed  by  the  committee  for  further  work,  which  latter  recommendation 
was  adopted : 

(3)  Bulletin  107,  revised,  page  8,  fourth  line,  after  the  word  "time"  insert:  "Allow 
the  flask  to  stand  without  heat  for  not  less  than  six  hours  or  for  a  shorter  time  with 
shaking  at  regular  intervals." 

(4)  Bulletin  107,  revised,  page  8,  under  "(3)  Determination,"  fifth  line,  after  the 
word  "and,"  insert  the  same  sentence  as  in  recommendation  (3).  The  sentence  then 
reads:  "Add  5  grams  of  thiosulphate  and  allow  the  flask  to  stand  without  heat  for  not 
less  than  six  hours  or  for  a  shorter  time  with  shaking  at  regular  intervals;  then  heat  the 
solution  for  five  minutes,"  etc. 

Potash. 

It  is  recommended — 

(1)  That  the  cobalti-nitrite  method  for  potash  be  tested  during  the  coming  year. 
(See  p.  124.) 

Adopted. 

(2)  That  there  be  a  further  trial  of  the  method  involving  the  use  of  ammonium 
hydroxid  and  ammonium  oxalate  in  the  preparation  of  the  solution  in  the  determina- 
tion of  the  potash  in  potash  salts,  as  compared  with  the  present  method  of  direct 
precipitation  of  the  potash  without  the  use  of  the  reagents  mentioned. 

Adopted. 

The  referee  stated  that  he  had  not  been  able  to  take  up  the  extensive  investigations 
that  would  be  necessary  in  attempting  to  define  available  potash,  and  offered  the 
following  resolution,  which  was  adopted  by  the  association : 

'  Resolved,  That  in  view  of  the  fact  that  practically  the  entire  available  time  of  the 
referee  on  potash  is  needed  for  the  study  of  analytical  methods,  the  investigation  of 
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the  question  of  determining  what  should  be  designated  as  "available  potash,"  pro- 
vided for  in  a  resolution  adopted  in  1906,  be  undertaken  by  a  special  referee  or  associate 
referee. 

Phosphoric  Acid. 
It  is  recommended — 

(1)  That  the  recommendation  of  1907  be  repeated,  namely,  that  the  referee  on 
phosphoric  acid  shall  take  up  for  report,  at  the  next  meeting  of  the  association,  methods 
applicable  under  American  conditions  to  the  official  examination  of  basic  slag 
phosphates. 

Adopted. 

(2)  That  the  referee  make  a  further  study  of  methods  for  the  preparation  of  neutral 
ammonium  citrate. 

Adopted. 

(3)  That  the  referee  investigate  the  amount  of  wash  water  to  be  employed  in  the 
treatment  of  the  residue  from  the  ammonium  citrate  digestion. 

This  recommendation  was  amended  to  include  a  study  of  the  manner  of  filtering 
and  was  so  adopted. 

Inorganic  Plant  Constituents. 
It  is  recommended — 

(1)  That  the  method  for  the  separation  of  iron  and  aluminum  offered  as  an  official 
method  be  referred  to  the  referee  for  1909  for  final  recommendation.     (See  p.  93.) 

Adopted. 

(2)  That  further  work  be  done  on  the  sodium  peroxid  method  for  the  determination 
of  total  sulphur  in  plants  and  plant  products  (Bulletin  107,  p.  23). 

Adopted. 

Soils. 
It  is  recommended — 

(1)  That  the  modified  J.  L.  Smith  method  for  total  potassium  be  adopted  as  a  pro- 
visional method  and  be  further  studied.     (Circular  32,  p.  4.) 

This  recommendation  was  adopted  in  the  modified  form,  as  presented  by  the  com- 
mittee, the  referee  having  recommended  its  adoption  as  an  optional  method. 

(2)  That  the  sodium  peroxid  fusion  for  total  phosphorus  be  continued  as  a  pro- 
visional method  and  be  further  tested.     (Bulletin  105,  p.  145.) 

This  recommendation  also  was  adopted  in  the  form  presented  by  the  committee, 
the  referee  having  recommended  the  adoption  of  the  method  as  official. 

(3)  That  the  magnesium  nitrate  method  for  total  phosphorus  be  adopted  as  a  pro- 
visional method  and  be  further  tested.     (See  p.  115.) 

Adopted. 

(4)  That  the  Knorr  method  for  the  determination  of  carbonates  in  soils  be  further 
studied.  (Wiley's  Principles  and  Practice  of  Agricultural  Analysis,  vol.  1,  ed.  1894, 
p.  338;  ed.  1906,  p.  380.) 

Adopted. 

CONVERSION    TABLES. 

Five  conversion  tables,  submitted  by  W.  J.  Gascoyne,  of  Balti- 
more, Md.,  for  the  consideration  of  the  association,  were  referred  to 
Committee  A,  which  recommended  that  the  whole  question  of  the 

adoption  of  such  tables  be  referred  to  a  special  committee,  and  after 
some  discussion  the  matter  was  referred  to  the  standing  committee 
on  revision  of  methods. 
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REPORT  OF  COMMITTEE  ON   FERTILIZER    LEGISLATION. 

The  report  of  the  committee  of  last  year  could  not  be  sent  out  to  interested  parties 
until  Saturday,  November  7,  1908.  This,  of  course,  rendered  it  impossible  to  get 
any  definite  statements  respecting  the  tentative  definitions  of  fertilizers  and  of  mis- 
branding and  adulteration.  A  number  of  replies  have  been  received,  however,  a 
few  of  which,  representing  their  general  tenor,  are  submitted. 

In  the  circumstances,  therefore,  the  committee  begs  to  report  that  it  is  desirable 
to  postpone  further  action  in  regard  to  this  important  matter  until  the  next  meeting 
of  the  association.  By  that  time  the  views  of  state  officials,  manufacturers,  and 
farmers  on  the  tentative  definitions,  etc.,  can  be  received  and  fully  digested  and 
placed  in  shape  for  consideration.  The  committee  therefore  recommends  that  it  be 
continued  with  this  report  of  progress  for  the  purpose  of  a  further  study,  in  view  of 
the  criticisms  which  may  be  received  on  the  definitions  which  have  been  submitted. 

H.  W.  Wiley. 

H.  B.  McDonnell. 

B.  B.  Ross. 

[The  tentative  definitions  referred  to  in  the  report  are  as  follows,  together  with 
extracts  from  the  comments  on  the  same  received  at  the  time  of  the  meeting.] 

Tentative  Definitions  of  Fertilizers  and  of  Misbranding  and  Adulteration. 

(1)  A  fertilizer  shall  be  defined  as  any  simple,  compound,  or  mixed  material, 
prepared  for  the  purpose  of  selling,  or  sold,  or  offered  for  sale,  to  be  applied  to  the 
soil  as  nourishment  for  plants,  or  as  a  modifier  of  the  soil  in  any  respect  in  its  relation 
to  the  growth  of  plants.  The  term  "fertilizer  material"  (or  ingredients)  shall  include 
every  plant-food  material  which  is  utilized,  or  intended  to  be  utilized,  in  the  manu- 
facture, preparation,  or  mixing  of  the  fertilizers  defined  above. 

(2)  A  fertilizer,  or  fertilizer  material  (or  ingredient),  shall  be  deemed  to  be  adulter- 
ated— 

(a)  If  the  percentage  of  any  of  its  ingredients  fall  materially  below  the  professed 
standard  under  which  it  is  sold,  whether  this  standard  appear  as  a  label  upon  the 
package  or  as  a  guaranty  in  any  other  way  by  the  vendor  thereof. 

(b)  If  any  of  the  ingredients  thereof  have  an  origin  other  than  that  indicated  upon 
the  package,  or  guaranteed  in  any  other  way  by  the  vendor  thereof. 

(c)  If  any  of  the  ingredients  of  the  fertilizer,  or  fertilizer  material,  be  in  a  state  of 
combination  different  from  that  indicated  by  the  label  or  guaranteed  by  the  vendor 
thereof. 

(3)  A  fertilizer,  or  fertilizer  material,  shall  be  deemed  as  misbranded: 

(a)  If  any  false  name  or  misleading  statement  or  design  or  device  be  affixed  to  any 
package  thereof  or  used  in  any  way  as  a  representation  of  the  materials  thereof  by  the 
vendor. 

(b)  If  any  false  or  misleading  statement  respecting  the  origin  of  the  material  be 
made  upon  the  label,  or  any  statement  or  guaranty  of  the  vendor. 

(c)  If  any  false  or  misleading  statement  be  made  upon  the  label,  or  by  the  vendor, 
respecting  the  country  or  origin  of  the  materials  of  which  the  fertilizer  is  composed. 

(d)  If  any  false  or  misleading  statement  be  made  on  the  label,  or  by  the  vendor, 
respecting  the  virtues  or  qualities  of  the  fertilizer  or  the  materials  composing  it. 

(e)  If  sold  under  any  false  name  or  appellation,  whether  such  name  appear  upon  the 
package  or  label  or  be  given  to  the  article  by  the  vendor  thereof. 

(f)  If  it  be  an  imitation  of  or  offered  for  sale  under  the  name  of  another  fertilizer  or 
fertilizer  material. 

Comments. 

(1)  Definition  (1)  includes  land  plaster,  ground  limestone,  etc.  I  would  hardly 
favor  the  including  of  such  materials,  as  any  additional  cost  attached  to  such  a  sub- 
stance as  ground  limestone  would  operate  seriously  against  its  use.  In  this  State  we 
do  not  consider  ground  phosphate  rock  (raw  rock)  among  the  commercial  fertilizers, 
although  its  sale  is  in  no  way  restricted. 
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(2)  Would  not  the  association  do  well  to  set  a  limit,  or  at  least  to  suggest  a  limit,  for 
each  of  the  important  plant-food  elements,  below  which  a  guaranteed  constituent 
would  be  considered  as  "materially''  low? — C.  A.  Mooers,  Tennessee  Station. 

I  have  no  suggestion  or  criticism  to  make  with  regard  to  the  "tentative  definitions 
of  fertilizers  and  of  misbranding  and  adulteration.''  They  cover  the  ground  fully  to 
my  mind.  It  is  impossible  to  so  frame  definitions  that  there  will  not  be  a  chance  for 
difference  of  opinion  as  to  what  constitutes  "misleading  statement,  or  design,  or 
device,"  and  the  best  a  law  can  do,  it  seems  to  me,  is  to  lay  down  the  general  principles 
and  leave  it  to  the  judgment  of  the  individual  officer  in  charge  of  the  inspection  work 
to  decide  whether  the  law  in  special  cases  has  been  violated  as  to  misbranding.  The 
recommendation  of  the  committee  as  to  work  in  the  future  would  seem  to  be  along  the 
lines  that  give  most  promise  of  carrying  the  matter  to  a  successful  issue. — F.  W.  Woll, 
Wisconsin  Station. 

Owing  to  the  brief  time  in  which  to  make  a  reply,  I  have  only  a  few  suggestions  to 
make. 

Definition  1  is  more  comprehensive  than  in  most  of  the  state  fertilizer  acts,  and  is 
evidently  framed  to  include  not  only  all  materials  sold  as  fertilizer,  but,  as  well,  all 
amendments.  I  confess  I  have  considerable  doubts  about  the  wisdom  of  legislation 
so  comprehensive  at  this  time  lest  it  too  greatly  encumber  purely  domestic  exchanges. 
My  present  inclination  is  to  prefer  rather  a  law  that  takes  into  account  only  what  are 
commonly  recognized  as  commercial  fertilizers. 

I  realize  that  there  is  considerable  interstate  traffic  in  certain  lime  products,  as 
amendments,  and  that  there  is  a  possibility  that  abuse  may  spring  up  in  this  trade,  but 
could  it  not  be  reached  specifically  rather  than  indirectly  by  including  all  amend- 
ments. The  definition  proposed  is  so  broad  that  a  carload  of  sand  becomes  a  fertilizer 
if  the  sand  is  to  be  applied  to  affect  the  condition  of  the  soil.  The  same  is  true  of  a 
carload  of  coal  ashes  applied  for  purely  physical  effects. 

I  do  not  believe  it  is  a  wise  principle  to  enact  police  legislation  far  beyond  present 
needs. 

In  making  the  above  statements,  I  realize  that  the  definitions  for  adulteration  and 
misbranding  which  follow  definition  1  are  such  that  the  objections  I  have  offered  to 
the  definition  for  the  word  "fertilizer"  may  seem  to  be  unnecessary,  but  I  take  it 
that  if  these  definitions  are  adopted  it  will  be  for  the  purpose  of  advocating  their 
incorporation  in  future  state  and  national  legislation,  and  that,  in  such  setting,  they 
will  be  accompanied  by  other  clauses  specifying  the  fertilizer  materials  that  must  be 
matters  of  guaranty.  As  soon  as  such  clauses  are  introduced,  the  embarrassments  I 
have  in  mind  are  likely  to  appear. 

I  desire  to  add  that,  in  my  judgment,  the  association,  which  is  not  specifically  an 
organization  charged  with  the  execution  of  fertilizer  acts,  should  not  undertake  the 
formulation  and  recommendation  of  a  national  fertilizer  law,  at  least,  until  a  full  and 
formal  conference  shall  have  been  had  with  the  fertilizer  control  executive  officials 
of  the  several  States.  — Wn.  Frear,  Pennsylvania  Station. 

*  *  *  I  certainly  think  this  law  would  be  an  advantage,  especially  to  the  manu- 
facturers, as  there  would  be  uniformity  in  all  of  the  States.  As  the  case  is  now  many 
of  the  fertilizer  manufacturers  are  required  to  get  out  separate  printed  matter  for 
many  of  the  States.  However,  I  do  not  believe  the  control  of  sale  of  fertilizers  should 
go  outside  of  the  State  in  which  sold,  as  I  believe  it  can  be  looked  after  much  better  by 
men  who  are  in  close  proximity  to  the  places  where  fertilizers  are  handled.  *  *  * — 
T.  L.  Calvert,  Ohio  Department  of  Agriculture. 

On  most  of  the  recommendations  I  am  heartily  in  accord  with  the  views  of  the  com- 
mittee. In  section  1,  which  defines  a  fertilizer  and  fertilizer  material,  it  seems  to  me 
that  some  specific  exemptions  should  be  made.  For  instance,  there  are  on  sale  in 
this  State  for  the  purpose  of  soil  improvement  prepared  lime,  limestone,  land  plaster, 
and  marl,  and  hence  our  law  expressly  exempts  barnyard  manure,  lime,  wood  ashes. 
and  plaster  when  Bold  under  their  respective  names.  From  the  definition  prepared 
by  the  committee  there  would  no  doubt  arise  the  question  as  to  whether  such  materials 
should  not  properly  be  included  under  a  fertilizer  law  based  on  this  definition.  This 
poinl  may  not,  be  well  taken.     I  merely  offer  it  for  y  our  consideration. 

In  a  under  2  the  question  would  naturally  arise  as  to  what  is  meant  by  "materially 
under  the  guaranty,  and  the  interpretation  of  this  term  would  be  left  solely  to  the 
judgment  of  the  official  in  charge  of  fertilizer  control.  If  it  is  possible  to  do  so,  I 
believe  some  definite  statement  as  to  what  should  be  considered  a  material  deficiency 
in  any  ingredient  should  be  made,  such  a  statement  being  based  on  the  guaranteed 
content.  Thai  is,  if  the  fertilizer  was  guaranteed  to  contain  a  certain  percentage  of 
ammonia,  available  phosphoric  acid,  and  potash,  a  deficiency  exceeding  a  certain  per 
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cent  of  the  guaranty  would    be  considered  as  indicating  intent  to  defraud. — W.  J. 
Jones,  Jr.,  Indiana  Station. 

*  *  *  My  main  criticism,  other  than  those  which  are  incorporated  in  the  reprint 
as  emanating  from  me,  would  be  as  to  2a.  I  believe  that  there  should  be  added  a 
proviso  as  follows : 

' '  Provided,  That  if  there  should  be  a  sufficient  excess  of  other  ingredients  over  the 
guaranty  statement  to  make  good  the  commercial  equivalent  of  the  promised  plant 
food,  the  material  may  not  be  deemed  adulterated."  You  will  notice  that  I  have 
put  the  verb  in  the  permissive  rather  than  the  mandatory  form,  so  as  to  leave  it  in 
the  discretion  of  the  inspecting  officer  to  say  whether  the  proviso  should  or  should  not 
hold  in  a  given  case.  I  should  strongly  urge,  however,  before  any  goods  are  branded 
as  adulterated  under  this  act,  that  resampling  and  reanalyzing  should  be  resorted 
to. — J.  L.  Hills,   Vermont  Station. 

We  are  heartily  in  favor  of  the  enactment  of  a  national  fertilizer-control  law,  that 
would  furnish  a  broad,  scientific,  and  economical  guide  on  this  subject  to  state  law- 
makers. The  law  should  provide  for  actual  experiments  so  that  the  relative  value 
of  plant  food  from  all  sources  could  be  accurately  shown  without  prejudice.  The 
state  system  of  fertilizer  control  is  all  wrong,  for  the  reason  that  the  men  who  frame 
the  laws  have  not  a  sufficient  knowledge  of  the  subject.  *  *  *  The  great  need  of 
both  the  fertilizer  industry  and  agriculture  is  positive  knowledge  without  selfish 
influence  or  opinions  not  founded  on  facts.  Terms  should  not  be  misleading,  and  the 
source  from  which  the  plant  food  is  derived  should  be  plainly  stated.  To  leave  these 
questions  to  the  officials  of  the  various  States  and  the  fertilizer  manufacturers  is  a  case 
of  allowing  the  tail  to  wag  the  dog,  and  will  prove  a  very  unsatisfactory  guide. — 
American  Reduction  Company. 


REPORT    OF    COMMITTEE  ON    THE    REVISION    OF  METHODS. 
By  J.  K.  Haywood,  Chairman. 

The  committee  on  the  revision  of  methods  presents  as  its  report  Bulletin  107, 
Revised,  which  was  issued  in  July,  1908.  The  committee  was  empowered  at  the  last 
meeting  to  make  such  changes  in  their  first  revision  (Bui.  107)  as  were  necessary 
to  coordinate  the  methods  and  eliminate  obsolete  procedures.  Such  changes,  together 
with  the  correction  of  typographical  and  other  errors  in  Bulletin  107,  were  made  in 
issuing  the  final  revision.  In  submitting  this  report,  I  wish  to  thank  the  members  of 
the  committee  and  all  those  who  have  cooperated  in  the  work,  much  patient  and 
detailed  labor  having  been  put  on  it. 

The  report  was  accepted  and  a  vote  of  thanks  passed  in  recogni- 
tion of  the  thorough  manner  in  which  the  committee  had  discharged 
its  office. 

REPORT  OF  COMMITTEE  B  ON  RECOMMENDATIONS  OF  REFEREES. 

By  B.  B.  Ross,  Chairman. 

Medicinal  Plants  and  Drugs. 
It  is  recommended — 

(1)  That  the  present  provisional  method  for  assaying  opium  be  made  official. 
(Bui.  107,  Rev.,  p.  201.) 

Adopted. 

(2)  That  the  methods  included  in  the  referee's  report  be  made  provisional. 
Adopted.     (These  methods  were  made  provisional  in  1907,  and  are  only  slightly 

modified  in  this  year's  report.     (See  p.  129.) 

(3)  That  the  method  outlined  in  this  year's  report  for  acetanilid  mixtures  be  further 
tested,  and  that  additional  mixtures  be  tested  by  this  and  such  other  methods  as 
may  be  found  desirable.     (See  p.  100.) 

Adopted. 
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(4)  That  macroscopieal  and  microscopic  methods  for  examining;  drug  products  be 
studied  during  the  coming  year. 

Adopted. 

(5)  That  microchemical  methods  for  the  identification  of  alkaloids  in  drug  products 
be  further  studied. 

Adopted. 

(6)  That  other  microchemical  methods  be  tested  to  determine  the  possibility  of 
thus  identifying  medicinal  plant  principles. 

Adopted. 

(7)  That  pharmacological  methods  for  testing  the  quality  of  drug  products  be 
investigated. 

Adopted. 

(8)  That  two  associate  referees  on  medicinal  plants  and  drugs  be  appointed  for  the 
ensuing  year. 

Adopted. 

Sugar. 
It  is  recommended — 

(1)  That  the  question  of  the  influence  of  precipitants  upon  the  polarization  of 
sugars  be  further  investigated. 

Adopted. 

(2)  That  the  question  of  methods  of  determining  moisture  or  dry  substance  be 
further  investigated,  giving  special  attention  to  the  method  suggested  by  W.  D. 
Home  and  reported  in  the  proceedings  of  1907  (Bui.  116,  pp.  22-23). 

Adopted. 

(3)  That  the  method  of  determining  dry  substance  by  means  of  a  refractometer  and 
Geerligs'  table  be  adopted  provisionally. 

Adopted. 

(4)  That  under  the  method  for  the  determination  of  copper  contained  in  the  pre- 
cipitate of  cuprous  oxid,  pp.  51-53,  Bulletin  107,  Revised,  limit  section  (6),  "Direct 
Weighing  of  Cuprous  Oxid,"  page  53,  by  the  following  insertion:  "This  method 
should  not  be  used  in  determining  reducing  sugars  in  commercial  products,  as  other 
substances  are  precipitated  along  with  the  cuprous  oxid.  In  these  products  the 
copper  of  the  cuprous  oxid  should  be  determined  direct  by  titration  as  in  Low's 
method  (Bui.  107,  Rev.,  p.  241)  or  as  cupric  oxid." 

Referred  to  the  referee  for  1908-9  for  investigation,  with  the  further  recommenda- 
tion that  the  term  "commercial  products"  be  more  closely  defined. 

Foods  and  Feeding  Stuffs. 
It  is  recommended — 

That  the  referee  for  1908-9  take  up  the  question  of  acidity  in  cattle  feeds  and  con- 
sider how  the  results  obtained  by  current  methods  can  be  applied  to  agricultural 
problems. 
Adopted. 

Dairy  Products. 
It  is  recommended — 

(1)  That  the  following  methods  given  in  the  referee's  report  (p.  153)  for  the  analysis 
of  condensed  milk  be  adopted  as  official,  namely:  (1)  Preparation  of  sample;  (2)  total 
solids;    (3)  ash;    (4)  protein;  and  (5)  lactose. 

These  methods  were  referred  to  the  referee  for  1908-9  for  final  recommendation  and 
action  by  the  association  as  to  their  adoption  as  official. 

(2)  That  the  methods  for  the  determination  of  BUCrose  in  condensed  milk  by  inversion 
with  citric  acid  and  by  inversion  with  hydrochloric  acid  be  investigated  by  the 
referee  for  the  ensuing  year. 

Adopted. 
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(3)  That  the  determination  of  fat  in  condensed  milk  be  studied,  special  attention 
being  given  to  solutions  of  less  than  20  per  cent  concentration. 

Adopted. 

(4)  That  the  New  Babcock  standard,  proposed  by  E.  B.  Holland  and  referred  to 
Committee  B,  be  referred  to  the  referee  for  1908-9. 

Adopted. 

This  contemplated  standard «  is  as  follows: 

NEW    BABCOCK    STANDARD. 

Section  1.  The  unit  of  graduation  for  all  Babcock  glassware  shall  be  the  true 
cubic  centimeter  (0.998877  gram  of  water  at  4°  C). 

(a)  With  bottles,  the  capacity  of  each  per  cent  on  the  scale  shall  be  two-tenths 
(0.20)  cubic  centimeter. 

(6)  With  pipettes  and  acid  measures,  the  delivery  shall  be  the  intent  of  the  gradua- 
tion and  the  graduation  shall  be  read  with  the  bottom  of  the  meniscus  in  line  with 
the  mark. 

Sec  2.  The  official  method  for  testing  Babcock  bottles  shall  be  calibration  with 
mercury  (13.5471  grams  of  clean,  dry  mercury  at  20°  C,  carefully  weighed  on  analytical 
balances,  to  be  equal  to  5  per  cent  on  the  scale),  the  bottle  being  previously  filled  to 
zero  with  mercury. 

Sec  3.  Optional  methods:  The  mercury  and  cork,  alcohol  and  burette,  and  alcohol 
and  brass  plunger  methods  may  be  employed  for  the  rapid  testing  of  Babcock  bottles, 
but  the  accuracy  of  all  questionable  bottles  shall  be  determined  by  the  official  method. 

Sec  4.  The  official  method  for  testing  pipettes  and  acid  measures  shall  be  calibra- 
tion by  measuring  in  a  burette  the  quantity  of  water  (at  20°  C.)  delivered. 

Sec  5.  The  limit  of  error:  (a)  For  Babcock  bottles,  it  shall  be  the  smallest  gradua- 
tion on  the  scale,  but  in  no  case  shall  it  exceed  five-tenths  (0.5)  per. cent,  or  for  skim 
milk  bottles  one  hundredth  (0.01)  per  cent. 

(b)  For  full  quantity  pipettes,  it  shall  not  exceed  one-tenth  (0.1)  cubic  centimeter, 
and  for  fractional  pipettes  five-hundredths  (0.05)  cubic  centimeter. 

(c)  For  acid  measures,  it  shall  not  exceed  two-tenths  (0.2)  cubic  centimeter. 

REPORT  OF  COMMITTEE  ON  RESOLUTIONS. 

By  L.  L.  Van  Slyke,  Chairman. 

(1)  Resolved,  That  we  express  to  Professor  Snyder  our  appreciation  of  the  able 
and  courteous  manner  in  which  he  has  presided  over  the  deliberations  of  the  con- 
vention. 

(2)  Resolved,  That  whereas  a  national  bill  to  regulate  the  composition  and  sale  of 
insecticides  and  fungicides  has  been  recently  drawn  up  by  a  committee  composed  of 
members  of  the  Association  of  Economic  Entomologists,  manufacturers  of  insecticides, 
and  agricultural  chemists  interested  in  insecticide  and  fungicide  analysis,  which  bill 
will  be  presented  to  Congress  for  approval  and  passage;  the  Association  of  Official 
Agricultural  Chemists  does  hereby  express  its  approval  of  national  legislation  on  this 
subject,  which  legislation  it  is  believed  will  be  of  inestimable  service  in  protecting 
the  farming  community  as  well  as  the  legitimate  manufacturer  and  in  unifying  state 
insecticide  and  fungicide  laws. 

The  report  of  the  committee  was  approved. 

aFor  further  discussion  of  this  standard,  see  Twentieth  Annual  Report  of  the 
Massachusetts  Agricultural  Experiment  Station,  January,  1908,  p.  113. 
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APPOINTMENT  OF  COMMITTEE   ON    THE  REVISION   OF  METHODS 
AND   RECOMMENDATIONS  OF  REFEREES. 

Mr.  Bigeloav.  It  seems  best  in  appointing  this  permanent  com- 
mittee to  consider  first  the  members  of  the  editorial  committee 
which  had  charge  of  the  revision  of  the  methods  last  year,  and  to 
appoint  those  who  have  so  served  for  a  short  time  and  the  newer 
members  for  a  longer  period.     With  this  in  view  I  will  appoint — 

To  serve  one  year,  J.  K.  Haywood,  F.  P.  Veitch,  and  L.  M.  Tolman. 

To  serve  two  years,  J.  P.  Street,  F.  W.  Woll,  and  A.  L.  Winton. 

To  serve  three  years,  B.  B.  Ross,  E.  M.  Chace,  and  C.  D.  Howard. 

Mr.  Haywood  will  serve  as  chairman  of  the  whole  committee,  which 
is  to  be  subdivided  as  follows : 

Committee  A — Messrs.  Haywood  (chairman),  Street,  and  Ross. 

Committee  B — Messrs.  Woll  (chairman),  Yeitch,  and  Chace. 

Committee  C — Messrs.  Winton  (chairman),  Tolman,  and  Howard. 

Mr.  W.  H.  Bowker  spoke  at  some  length,  urging  the  association  to 
adopt  some  method  for  the  estimation  of  available  potash,  as  had 
been  done  in  the  case  of  available  phosphoric  acid,  calling  attention 
to  the  necessity  for  such  action  in  conserving  valuable  by-products 
and  furthering  the  interests  of  economic  agriculture.  The  impor- 
tance of  this  question  had  been  already  recognized  by  the  association 
by  creating  a  special  refereeship  for  the  consideration  of  the  question 
of  available  potash,  as  recommended  by  the  chairman  of  Com- 
mittee A. 

The  place  and  time  of  meeting  for  the  convention  of  1909  was 
referred  to  the  executive  committee. 

As  it  appeared  from  the  special  programme  prepared  for  Monday 
that  nearly  all  of  the  papers  were  on  the  subject  of  food  adulteration, 
it  was  moved  and  carried  that  the  association  meet  as  a  whole,  not 
in  sections,  as  originally  contemplated. 

The  association  adjourned  to  meet  at  9  o'clock  on  Monday. 


FOURTH    DAY. 

MONDAY— MORNING  SESSION. 

The  association  convened  at  9  o'clock  for  the  reading  of  special 
papers  in  accordance  with  the  resolution  adopted  in  1907.  Mr. 
Tolman,  as  chairman  of  Section  C,  presided. 


METHODS  RELATING  TO  THE  RATE  OF  DECOMPOSITION 
OF  ORGANIC  MATTER  IN  THE  SOIL. 

By  Jacob  G.  Lepman. 

Chemically  considered,  humus  is  a  comparatively  inert  substance;  biologically  con- 
sidered, it  is  readily  susceptible  to  a  wide  range  of  modification.  The  host  of  bacteria, 
fungi,  and  yeasts  that  inhabit  it  find  no  difficulty  in  inducing  its  transformation,  which, 
in  turn,  reacts  on  the  growth  of  crops.  In  so  far  as  the  bacteria  and  other  microorgan- 
isms of  the  soil  find  suitable  conditions  of  moisture,  temperature,  aeration,  and  chem- 
ical constitution,  the  humus  will  decay  rapidly.  In  so  far  as  these  conditions  are 
unsuitable,  the  decomposition  will  be  slow;  and  the  supply  of  available  nitrogen,  and 
probably  of  phosphorus  and  potassium  also,  will  be  but  meager.  This  fact  was  well 
appreciated  even  before  the  function  of  bacteria  in  the  soil  was  recognized,  as  may  be 
seen,  for  instance,  from  some  experiments  by  Boussingault  and  Loewy  a  published  in 
1853. 

The  recognition  of  humus  as  an  important  factor  in  crop  production  &  has  led  logically 
to  the  analytical  study  of  its  decomposition  products  and  their  quantitative  deter- 
mination. Carbon  dioxid,  ammonia,  and  nitrates  seemed  important  among  these  de- 
composition products  not  merely  because  of  their  indirect  or  direct  action  as  sources  of 
plant  food,  but  because  of  their  value  as  indicators  of  quantitative  reactions.  Students 
of  soils  tried  to  establish  a  possible  relation  between  the  productive  power  of  soils  and 
their  content  of  carbon  dioxid,  ammonia,  or  nitrates.  We  need  only  mention  here  in 
passing  the  investigations  of  Boussingault  and  Loewy, c  and  of  von  Fodor,^  as  bearing 
on  the  presence  of  carbon  dioxid  in  soil  air;  the  rather  careful  work  of  Baumann  «  on 
the  determination  and  presence  of  ammonia  in  soils;  and  the  examination  by  Bous- 
singault /  of  various  soils  for  their  content  of  nitrates. 

a  Memoire  sur  la  Composition  de  l'Air  Confine  dans  la  Terre  Vegetale,  Ann.  chimie 
physique,  1853  (3),  30: 3. 

&  Liebig,  Die  Chemie  in  ihrer  Anwendung  auf  Agricultur  und  Physiologie,  9th  ed., 
Braunschweig,  1876,  p.  26. 

c  Loc.  cit. 

<*  Deutsche  Vierteljahrschrift  offentl.  Gesundheitspflege,  1875,  7:205-237. 

eUeber  die  Bestimmung  des  im  Boden  enthaltenen  Ammoniak-Stickstoffes  und 
fiber  die  Menge  des  assimilierbaren  Stickstoffes  im  unbearbeiteten  Boden,  Habilita- 
tions-Schrift,  Berlin,  1886. 

/  Agronomie,  chimie  agricole  et  physiologie,  3d  ed.,  2 :40. 

(191) 
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The  evidence  gathered  by  these  earlier  investigators  shows  a  distinct,  though  not 
always  uniform,  relation  between  the  productive  power  of  soils  and  their  content  of 
carbon  dioxid,  of  ammonia,  or  of  nitrates.  We  note  that  the  air  of  fertile  soil  usually 
contains  more  carbon  dioxid  than  the  air  of  unproductive  soil.  Similarly,  the  fertile 
soils  contain,  as  a  rule,  more  ammonia  and  more  nitrate  than  unproductive  soils.  But 
even  admitting  this,  it  seems  hardly  practicable  to  draw  definite  conclusions  as  to  the 
future  behavior  of  a  soil  from  its  content  of  the  substances  in  question.  The  amount 
of  carbon  dioxid  in  the  soil  air  is  an  indication  of  oxidation  changes  already  accom- 
plished, but  not  necessarily  a  guide  to  future  oxidation  intensity.  The  organic  con- 
stituents of  the  humus,  as  well  as  the  character  of  the  microorganisms,  may  have  been 
modified  to  preclude  rapid  oxidation.  In  the  same  way  the  quantity  of  ammonia  in 
the  soil  is  only  a  measure  of  past  performance,  and  a  very  inadequate  measure  at  that. 
As  a  transition  product  ammonia  may  be  speedily  oxidized  to  nitrates,  or  it  may  be 
transformed  into  protein  substances  by  plants  or  fungi.  Hence  the  quantity  of  am- 
monia present  at  anytime  in  cultivated  soil  can  not  even  serve  to  indicate  past  intensity 
of  ammonia  formation.  As  to  nitrates,  they,  too,  are  not  stable  in  the  soil.  Like  am- 
monia, they  may  be  utilized  by  higher  plants,  or  by  bacteria,  yeasts,  and  molds  for  the 
production  of  new  protein  compounds.  They  may  likewise  be  destroyed  by  denitri- 
fying bacteria,  or  they  may  be  leached  out  of  the  soil  by  excessive  rainfall.  In  a  word 
then,  the  amounts  of  carbon  dioxid,  ammonia,  and  nitrates  in  field  soil  are  but  an 
incomplete  measure  of  past  performance  and  a  very  inadequate  guide  as  to  future 
efficiency. 

The  better  understanding  of  the  functions  of  humus,  which  has  gradually  come  in 
the  wake  of  bacteriological  investigations,  has  suggested  new  methods  for  the  study  of 
organic  matter  and  its  transformation  in  the  soil.  In  experiments  like  those  of 
Wollny,^  0r  in  the  more  recent  experiments  of  Stoklasa  and  Ernest,  &  the  evolution  of 
carbon  dioxid  from  soils  kept  under  definite  experimental  conditions  has  been  em- 
ployed as  a  measure  of  the  activities  of  the  soil  bacteria  and  of  the  susceptibility  of  the 
humus  to  decay.  The  same  purpose  has  been  accomplished  in  the  experiments  of 
Russell, c  and  of  Darbishire  and  Russell, <Z  by  measuring  the  absorption  of  oxygen 
instead  of  the  evolution  of  carbon  dioxid.  These  methods  enable  us,  therefore,  to 
study  the  possible  future  behavior  of  the  humus  compounds  under  given  conditions. 
In  other  words,  we  are  enabled  to  secure  some  information  concerning  the  relative 
availability  of  the  constituents  in  the  soil  humus.  For  instance,  it  was  found  by 
Stoklasa  and  Ernest  in  a  comparison  of  several  soils  that  the  average  daily  production 
of  carbon  dioxid  in  1,000  grams  of  soil  ranged  from  17.5  to  nearly  60  milligrams.  More 
carbon  dioxid  was  produced  by  the  soil  than  by  the  subsoil,  the  aerobic  activities  being 
more  prominent  in  the  former,  the  anaerobic  activities  in  the  latter.  Similarly,  at 
35°  C.  about  twice  as  much  carbon  dioxid  was  produced  as  at  20°  C.  Darbishire  and 
Russell  found  that  in  a  number  of  untreated  soils  examined  the  absorption  of  oxygen 
in  nine  days  ranged  from  6  to  27  millimeters. 

Analogous  attempts  at  measuring  the  rate  of  decay  of  soil  humus  and  of  other 
organic  materials  have  been  made,  not  by  determining  the  oxidation  products  of 
the  carbon  but  of  the  nitrogen  in  the  soil  humus.  It  was  well  known  that  ammonia 
almost  invariably  appears  as  one  of  the  products  in  the  oxidation  of  nitrogenous 
materials  of  organic  origin.  It  was  likewise  recognized  after  the  convincing  experi- 
ments of  Muntz  and  Coudon  «  that   ammonia  formation  in  the  soil  is  a  biological 

«J.  Landwirtsch.,  issfj,  ./;  :222. 

&Centrbl.  Baki.  Para.,  1905,  pi.  n,  /.;:723;  also  Zts.  Zuckerind.,  Bohmen,  1907, 
51:291. 

c  J.  Agr.  Sci.,  HJ05,  Z:260. 

*  Ibid.,  L907,  2:305. 

c  Compt.  rend.  acad.  SCi.  Paris,  ju;  :  395, 


193 

process  and  distinct  from  nitrification  proper.  Further  information  was  supplied 
by  Marchal  a  in  his  demonstration  of  the  intense  oxidizing  activities  of  B.  mycoides 
involving  the  formation  of  carbon  dioxid  and  of  ammonia.  It  was  perceived  at 
the  same  time  that  the  quantitative  estimation  of  ammonia  in  the  soil  could  lead 
to  no  definite  conclusion  because  of  the  further  changes  which  ammonia  undergoes 
in  the  soil.     The  same  may  be  said  also  of  the  quantitative  estimation  of  nitrites. 

On  the  other  hand,  the  determination  of  nitrates  in  soils  kept  under  definite  con- 
ditions promised  to  give  valuable  information  not  only  as  regards  the  rate  of  decom- 
position of  the  soil  humus,  but  also  as  regards  the  availability  of  various  nitrogenous 
fertilizers.  It  is  not  surprising,  therefore,  to  find  in  agricultural  literature  a  vast 
amount  of  data  bearing  on  the  formation  and  accumulation  of  nitrates  in  the  soil.5 
We  owe  to  these  investigations  a  broader  point  of  view  and  a  deeper  insight  into 
conditions  of  soil,  climate,  and  cropping  in  so  far  as  they  affect  the  oxidation  of 
organic  matter  in  the  soil. 

The  many  interesting  facts  brought  to  light  by  various  nitrification  experiments 
served  to  emphasize,  among  other  things,  the  necessity  of  distinguishing  the  indi- 
vidual factors  more  or  less  prominent  in  the  formation  of  nitrates.  It  seemed  evi- 
dent that,  apart  from  conditions  of  moisture  and  temperature,  the  process  of  nitri- 
fication is  directly  affected  by  at  least  three  important  factors,  viz,  the  physical 
and  chemical  composition  of  the  inorganic  constituents  of  the  soil;  the  physical 
and  chemical  composition  of  the  organic  constituents  of  the  soil;  the  character  of 
the  nitrifying,  and  perhaps  of  other  bacteria  present  in  the  soil.  Without  going 
far  afield,  we  may  note  in  this  connection  the  interesting  experiments  of  Withers 
and  Fraps.c 

We  find,  in  the  first  place,  decided  differences  in  the  rate  of  oxidation  of  sub- 
stances like  dried  blood,  cotton-seed  meal,  dried  fish,  tankage,  bat  guano,  bone, 
and  ammonium  sulphate.  Not  only  were  these  differences  maintained,  but  they 
were  in  more  or  less  close  agreement  with  the  corresponding  differences  brought 
out  by  digestion  tests  and  vegetation  experiments.  We  find  also  that  the  same 
nitrogenous  substances  were  nitrified  to  a  very  unequal  extent  in  different  soils. d 
For  instance,  in  five  different  soils  the  proportions  of  nitrate  nitrogen  formed  from 
cotton-seed  meal  under  the  conditions  of  the  experiment  were  4.4,  17.6,  22.9,  41.2, 
and  54.8  per  cent,  respectively.  Evidently  there  were  wide  divergences  in  the 
physical,  chemical,  and  bacteriological  make-up  of  these  soils. 

But,  interesting  as  are  the  facts  just  noted,- we  encounter  in  the  work  of  Withers 
and  Fraps  c  a  fact  which  is  even  more  significant  in  its  bearing  on  the  physiology 
of  nitrification,  namely,  that  in  different  soils  ammonium  sulphate  and  cotton-seed 
meal  are  not  nitrified  in  the  same  order.  The  authors  are  therefore  led  to  conclude 
that  there  may  exist  in  the  soil  an  organism  or  organisms  capable  of  oxidizing  or- 
ganic matter  (they  should  have  said  ammonia)  directly  to  nitrites  or  nitrates.  This 
assumption  has-  been  strengthened  since  by  the  investigations  of  Kaserer,/  who 
believes  he  has  found  an  organism  capable  of  changing  ammonia  directly  into  nitrate. 

It  would  hardly  be  safe  to  theorize  too  much  with  these  meager  facts  as  a  basis, 
but  for  our  purpose  we  may  accept  them  at  their  face  value  in  so  far  as  they  tend 
to  show  the  need  of  differentiation  in  the  study  of  decay  processes.  The  nitrates 
present  in  the  soil  at  any  time  may  be  but  a  small  fraction  of  the  total  amount  ac- 

a  Bui.  soc.  beige  microsc,  1893,  p.  83. 

&U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations,  Bui.  194,  p.  57. 
c  North  Carolina  Agr.  Exp.  Sta.,  Bui.  176,  p.  19. 
d North  Carolina  Agr.  Exp.  Sta.,  Report  of  the  Chemist,  1902-3,  p.  6. 
«  North  Carolina  Agr.  Exp.  Sta.,  Annual  Report,  1901-2,  p.  37. 
/Centrbl.  Bakt.  Para.,  1906,  16  [2]  :  681. 
73673— Bull.  122—09 13 
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tually  produced.  It  is  well  known  that  processes  are  constantly  at  work  in  the  soil 
unfavorable  to  the  accumulation  of  nitrates.  Entirely  apart  from  possible  losses 
by  leaching,  there  is  the  more  or  less  remote  but  still  real  danger  of  denitrification. 
In  addition  to  this  there  is  the  constant  draft  on  the  store  of  soil  nitrates  by  bac- 
teria, molds,  yeasts,  and  alga?,  not  to  mention  higher  plants  when  these  are  included 
in  the  experiment. 

In  view  of  these  facts  the  more  recent  investigations  on  the  decay  of  organic  matter 
in  the  soil  frequently  attempt  at  least  a  partial  differentiation  of  the  single  stages 
of  the  process.  I  am  not  aware  of  systematic  attempts  to  determine  albumoses  and 
peptones  among  the  fragments  of  protein  decomposition  in  the  soil.  There  are, 
however,  systematic  studies  of  ammonia  formation  as  something  independent  of 
nitrite  or  nitrate  formation.  Indeed,  we  have  come  to  accept  the  term  ammoni- 
fication  (or  ammonization)  as  expressing  a  definite  change  or  series  of  changes. 
However,  before  taking  up  the  discussion  of  methods  relating  to  the  study  of  am- 
monification,  nitrification,  and  denitrification  in  the  soil  itself,  it  would  be  proper 
to  consider  here  certain  methods  a  which  deal  with  the  same  reactions  from  a  some- 
what different  standpoint. 

The  methods  in  question  are  based  on  the  changes  which  occur  in  solutions  of 
known  composition  when  inoculated  with  a  given  weight  of  soil.  For  instance, 
a  sterile  solution  of  peptone  or  of  gelatin,  when  inoculated  with  soil,  will  undergo 
decay,  and  a  portion  of  the  organic  nitrogen  will  be  split  off  as  ammonia,  which  can 
be  readily  distilled  off  and  estimated.  Xow,  it  happens  that  in  equal  quantities 
of  the  same  solution  inoculated  with  equal  weights  of  different  soils  the  amounts 
of  ammonia  produced  may  differ  widely.  Otherwise  stated,  soils  vary  in  their 
ammonifying  power.  But  since  ammonification  is  a  biological  process,  we  are 
forced  to  the  conclusion  that  the  differences  noted  are  due  cither  to  the  unequal 
numbers  of  bacteria  introduced  into  the  sterile  solutions  by  the  different  soils,  or 
to  differences  in  the  species  or  vigor  of  the  organisms,  or  perhaps  to  both.  Be  it 
as  it  may,  the  ammonification  coefficients  show  fairly  constant  characteristics  bear- 
ing a  more  or  less  definite  relation  to  the  productive  capacity  of  the  corresponding 
soils.  Similarly,  solutions  have  been  prepared  to  favor  the  growth  of  nitrifying, 
denitrifying,  or  nitrogen-fixing  bacteria  looking  toward  the  determination  of  the 
nitrifying,  denitrifying,  or  nitrogen-fixing  coefficients  of  soils.  The  latter  methods 
have  not,  on  the  whole,  proved  as  consistent  in  their  results  as  have  the  ammonifica- 
tion methods.  However,  it  would  be  out  of  place  here  to  discuss  them  in  detail,  par- 
ticularly since  they  have  been  considered  elsewhere. b 

On  the  other  hand,  it  would  be  well  worthwhile  to  consider  here  the  fundamental 
differences  between  the  methods  just  outlined  and  those  based  on  the  study  of  bac- 
teriological processes  in  the  soil  itself.  We  can  well  appreciate,  of  course,  how  10 
grams  of  one  soil  might  cause  the  production  of  more  ammonia  in  peptone  solutions 
than  10  grams  of  another  soil  under  identical  experimental  conditions.  One  soil 
mighl  have  two  or  three  times  as  many  ammonifying  bacteria  as  another;  or  it  might 
have  not  only  larger  numbers,  but  also  species  and  individuals  with  a  particularly 
well-developed  power  of  ammonia  formation.  Moreover,  it  appears  quite  Logical  to 
assume  that  Large  numbers  and  vigorous  species  may  produce  Large  quantities  of 

ammonia  in  the  soil  itself  as  well  as  in  the  culture  solutions.  Hence  the  analogy 
between  the  changes  in  suitable  culture  solutions  and  the  returns  from  pot  or  field 
experiments. 

Theoretically,  however,  this  analogy  could  not  always  be  expected  to  exist.  It 
must  be  remembered  that  we  are  dealing  here  with  micro-organisms  entirely  detached 

flU.  s.  Dept.  Agr.,  Office  of  pJxperimenl  Stations,  Bui.  b>i.  i>.  in. 

b New  Jersey  A.gr.  Exp.  Sta.,  Bui.  210;  Annual  Report,  L905,  p.  226;  L906,  p.  L19j 

1907,  j).  ls<). 
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from  their  normal  medium,  the  soil.  By  placing  a  portion  of  the  latter  in  an  artificial 
culture  solution  we  create  entirely  new  conditions  for  the  growth  of  the  bacteria.  Free 
play  is  given  thereby  to  the  establishment  of  new  group  relationships,  and  species 
obscure  in  the  soil  itself  may  come  to  the  front.  Hence  it  may  often  happen,  as  it 
often  does  happen,  that  the  ammonification  coefficients  of  two  soils,  as  indicated  by 
experiments  in  solution,  "umsetzungsversuche, "  as  the  Germans  would  call  them, 
do  not  at  all  correspond  to  actual  conditions.  We  must  therefore  distinguish  here 
between  ammonifying  poiver  as  referring  to  the  numbers  and  species  of  the  bacteria 
themselves,  and  what  Fraps«  has  recently  designated  as  ammonifying  capacity,  as 
referring  to  the  physical  and  chemical  constitution  of  the  soil  as  well  as  to  the  number 
and  species  of  its  bacteria. 

The  differentiation  of  the  various  bacteriological  changes  in  the  soil  itself  is  not  a 
simple  matter.  As  already  noted,  the  activities  of  the  decay  bacteria  in  the  soil  can 
not  be  measured  by  estimating  the  quantity  of  ammonia  formed  under  normal  con- 
ditions. The  ammonia  nitrogen  does  not  accumulate,  for  reasons  already  noted.  We 
can,  however,  create  conditions  in  the  soil  precluding  the  further  oxidation  of  ammonia. 
This  may  be  accomplished  by  the  addition  to  the  soil  of  a  sufficient  quantity  of  dextrose 
or  of  other  soluble  carbohydrates,  or  salts  of  certain  organic  acids.  The  same  purpose 
may  be  achieved,  perhaps,  by  skillfully  adjusting  the  reaction  of  the  soil.  By  these 
means  the  ammonifying  bacteria  are  permitted  to  grow  while  the  nitrifying  bacteria 
are  suppressed.     The  ammonia  accumulates  in  the  soil  and  may  be  readily  estimated. 

The  defect  of  this  method  lies  in  the  fact  that  the  formation  of  ammonia  from  the 
soil  humus  is,  analytically,  a  comparatively  slow  process.  A  further  defect  is  due  to  a 
probable  rearrangement  in  the  numbers  and  kinds  of  the  decay  bacteria,  due  to 
the  materials  added  or  the  artificial  conditions  created.  As  will  be  seen  presently, 
the  first  of  these  defects  may  be  remedied  without  difficulty.  The  second  can  not  be 
eliminated  so  easily,  yet  is  not  necessarily  fatal  to  the  successful  application  of  the 
method. 

Ammonia  formation  in  the  soil  may  be  greatly  intensified  and  the  simultaneous 
suppression  of  nitrification  effected  in  still  another  way.  By  mixing  with  the  soil 
certain  quantities  of  peptone,  of  urea,  or  of  other  nitrogenous  organic  substances  we 
supply  to  the  bacteria  something  from  which  ammonia  may  be  produced  readily  and 
in  comparatively  large  quantities.  At  the  same  time,  the  presence  of  these  substances 
stops  the  growth  of  the  nitrifying  bacteria.  In  the  practical  application  of  this  method 
in  our  laboratory  we  thoroughly  mix  0.5  gram  of  peptone  or  0.25  gram  of  urea  with 
100  grams  of  fresh  soil,  transfer  the  mixture  into  a  beaker,  adjust  the  moisture  content 
by  the  addition  of  sterile  water,  cover  the  beaker  with  a  glass  dish,  and  place  it  in  the 
incubator  or  closet.  We  usually  sterilize  the  beaker,  peptone,  and  urea  before  they 
are  brought  in  contact  with  the  soil.  The  latter  is  drawn  with  the  customary  pre- 
cautions against  gross  contamination.  At  the  end  of  three  or  four  days  the  contents 
of  the  beaker  are  transferred  to  a  2-liter  copper  flask,  about  150  cc  of  water  added,  and 
a  sufficient  quantity  of  magnesium  oxid .  The  distillation  and  titration  of  the  ammonia 
are  performed  in  the  customary  manner. 

Similarly,  we  may  study  nitrate  formation  in  the  soil  itself  by  placing  weighed 
quantities  of  the  latter  in  beakers  and  maintaining  suitable  moisture  and  temperature 
conditions.  At  the  end  of  four  weeks  (or  of  longer  intervals,  if  desired)  the  soil  is 
leached  and  the  nitrites  and  nitrates  determined  in  the  leachings.  In  order  to  in- 
tensify the  nitrification  processes  we  may  add  to  the  soil  weighed  quantities  of  ammo- 
nium salts  or  of  organic  nitrogenous  substances.  The  quantities  of  nitrate,  which  is  the 
end  product  of  various  bacteriological  activities,  may  serve  to  gauge  the  comparative 
rate  of  oxidation  of  the  organic  matter.     This  method  may  be  employed — has,  indeed, 
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been  repeatedly  employed — for  the  study  of  the  comparative  availability  of  different 
nitrogenous  substances  as  a  source  of  nitrogen  to  plants. 

Comparative  studies  of  denitrification  and  nitrogen-fixation  may  be  made  by  the 
same  method.  It  is  merely  necessary  to  modify  the  cultural  conditions  by  the  addi- 
tion of  certain  substances.  In  the  case  of  denitrification,  for  instance,  we  add  a 
known  amount  of  potassium  or  sodium  nitrate,  leach  the  soil  at  the  end  of  ten  days, 
and  determine  the  ammonia,  nitrite,  and  nitrate  nitrogen  in  the  leachings  and  the 
total  nitrogen  in  the  residue.  The  initial  nitrogen  content  of  the  soil  being  known, 
we  have  the  complete  data  required. 

The  methods  just  outlined  may  be  still  further  differentiated.  We  may  find  means 
to  distinguish  the  single  phases  of  ammonification  as  due  to  urea  bacteria,  spore  or 
nonspore-forming  aerobes,  spore  or  nonspore-forming  anaerobes.  In  the  case  of 
nitrification,  we  may  attempt  to  distinguish  the  single  phases  of  oxidation;  in  the  case 
of  denitrification  the  single  phases  of  reduction;  in  the  case  of  nitrogen-fixation  the 
aerobic  and  anaerobic  phases  of  the  process.  The  applications  suggested  may  enable 
us  to  gain  an  insight  into  the  decay  processes  in  the  soil,  which  are  imperfectly  under- 
stood at  present.  Moreover,  we  shall  not  only  gain  in  our  ability  to  interpret  past 
reactions  as  revealed  by  analysis,  but  also  be  enabled  to  forecast  future  reactions  and 
quantitative  changes  of  importance  to  plant  food  production  and  its  assimilation  by 
the  growing  crop. 

An  interesting  paper  on  the  determination  of  sulphurous  acid  and 
sulphites  or  sulphur  dioxid  in  food  products  was  submitted  by  Mr. 
Edward  Gudeman.  The  paper  comprised  a  comparison  of  the 
method  adopted  by  the  association  and  a  modified  method  suggested 
by  the  author,  the  modification  consisting  in  driving  over  the  volatile 
products  with  low-pressure  steam  rather  than  by  direct  distillation, 
as  in  the  association  method.  The  steam  is  generated  from  distilled 
water  and  passed  directly  into  the  mass  through  a  glass  U-tube. 
The  details  of  the  paper  are  to  be  found  in  the  Journal  of  Industrial 
and  Engineering  Chemistry  for  February,  1909. 

THE  POSSIBILITIES   OF  MUSCOVADO   SUGAR  AS  AN   ADULTERANT 
FOR  MAPLE   PRODUCTS. 

By  R.  E.  Doolittle  and  A.  F.  Seeker. 

Occasionally  there  have  been  presented  for  entry  at  the  port  of  New  York  shipments 
of  a  brown-colored  sugar  from  Venezuela  designated  as  "Melada  "  or  "Melado."  The 
product  is  generally  in  the  form  of  rectangular  cakes  about  1  inch  thick  by  5  inches 
long  by  4  inches  wide.  The  cakes  vary  somewhat  in  color,  but  in  general  closely 
resemble  maple  sugar  in  appearance.  Their  use  as  an  adulterant  or  substitute  for 
the  maple  product  seemed  quite  probable,  and  the  finding  of  a  large  quantity  of  this 
grade  of  sugar  in  the  factory  of  a  dealer  in  maple  products  by  one  of  our  inspectors 
showed  the  necessity  of  making  a  careful  examination  of  the  product.  We  were 
surprised  to  find  on  employing  the  usual  methods  for  determining  the  purity  of  maple 
sugar  that  the  brown  sugar  gave  practically  the  same  results  as  does  pure  maple  sugar. 
These  figures,  together  with  those  of  a  pure  maple  sugar  run  at  the  same  time,  are 
given  in  the  table: 
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Composition  of  muscovado  and  maple  sugars. 


Determination. 


N.Y.  10676, 

light 

muscovado 

sugar. 


N.Y.  10677, 

dark 

muscovado 

sugar. 


I.  S.  758-a 

Vermont 

maple 

sugar. 


Moisture  (per  cent) 

Ash  (per  cent) 

Polarization,  direct,  at  room  temperature  (°  V.) 
Polarization,  invert,  at  room  temperature  (°  V.) 

Polarization,  at  86°  (°  V.) 

Sucrose  (Clerget)  (per  cent) 

Winton  lead  number 

Malic  acid  value 


1.33 

+80.0 

-27.0 

±0.0 

81.4 

2.08 

1.19 


7.50 
1.30 
+82.4 
-26.8 
±0.0 
83.1 
2.12 
1.24 


2.80 

1.10 

+  84.0 

-29.6 

+  0.0 

85.6 

2.26 


An  analysis  of  the  ash,  however,  showed  a  distinct  difference,  as  is  shown  by  the 
following  data: 

Analysis  of  the  ash  of  muscovado  and  maple  sugars. 


Determination. 

N.Y.  10676, 
light 
musco- 
vado 
sugar. 

N.Y.  10677, 
dark 
musco- 
vado 
sugar. 

I.  S.  758-a, 

Vermont 

maple 

sugar. 

Average 
of  four 
samples 
of  maple 
sugar.a 

Insoluble  in  boiling  nitric  acid  (1:3) 

Per  cent. 
2.55 

50.08 
4.85 
5.77 
2.20 
.29 
1.96 

22.16 
4.02 
6.12 

Per  cent. 
3.41 

49.89 
2.32 
5.66 
2.63 
.26 
1.34 

23.21 
3.68 
7.60 

Per  cent. 
8.9 
23.6 
1.6 

35.9 
3.0 

Slight  trace. 

Trace. 

None. 

.45 

26.55 

Per  cent. 

26.49 

Sodium  oxid 

24.98 

Magnesium  oxid 

Chlorin 

Sulphur  trioxid 

1.82 

U  ndetermined 

Ratio  tt^-X  100 

868 
384 
44 
70 

881 
410 
47 
65 

66 

106 

CaO 

SO 
Ratio  p^XlOO 

7 

Ratio  ?^-4x  1 00 

7 

Ratio  ^-^X 100 

• 

CaO 

a  Jones,  Eighteenth  Annual  Report,  Vermont  Agr.  Exp.  Sta.,  1905,  p.  331. 

The  ash  of  the  brown  sugar  consists  mostly  of  potassium  sulphate,  while  over  80 
per  cent  of  that  of  maple  sugar  is  composed  of  carbonate  of  potassium  and  calcium, 
these  two  bases  existing  in  approximately  equal  parts.  From  these  facts  one  is  led 
to  believe  that  a  determination  of  water-soluble  and  water-insoluble  ash,  their  ratio, 
and  their  alkalinity  would  furnish  the  necessary  evidence  as  to  whether  the  product 
under  examination  was  composed  of  maple  sugar  or  muscovado  sugar.  As  a  matter 
of  fact,  these  determinations  when  carried  out  on  one  of  the  samples  gave  the  results 
shown  in  the  following;  table: 
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Ash  determinations  and  ratios  of  muscovado  and  maple  sugars  indicative  of  adulteration. 

[All  results  reduced  to  a  moisture-free  basis.] 


Determination. 


Water-soluble  ash  (per  cent ). . . 
Water-insoluble  ash  (percent). 
-   „      water-soluble  ash 
Ratio 


water-insoluble  ash 
Alkalinity  of  water-soluble  ash  (cc  tenth-normal  acid). . 
Alkalinity  of  water-insoluble  ash  (cc  tenth-normal  acid). 


a  Average  of  a  number  of  analyses  made  by  Jones.  Vermont  Agr.  Exp.  Sta.  Report,  1905. 

Unfortunately  a  sirup  prepared  from  the  muscovado  sugar  fermented  before  time 
could  be  found  to  make  the  usual  determinations,  and  no  more  of  the  sample  remained 
for  further  work.  However,  it  seems  reasonable  to  assume  that  the  sirup  as  well  as 
the  sugar  could  be  detected  by  the  high  ratio  of  insoluble  ash  to  soluble  ash,  and  the 
low  alkalinity  of  both.  As  confirmatory  evidence  an  ash  analysis  should  be  made 
wherein  a  high  percentage  of  potassium  oxid  and  sulphur  trioxid.  together  with  a 
small  amount  of  calcium  oxid,  would  indicate  the  adulteration.  It  would  appear 
also  as  if  the  phosphoric-acid  content  gave  useful  information,  both  of  the  muscovado 
sugars  possessing  notable  amounts  and  the  maple  sugar  little.  These  data  are  also 
given  in  the  table  in  the  form  of  ratios,  which  serve  better  to  emphasize  the  contrast. 
As  there  is  good  reason  to  suspect  that  the  brown  sugar  under  discussion  is  being  used 
by  manufacturers  of  maple  products,  it  seems  highly  important  that  an  examination 
of  the  ash  should  be  included  in  all  routine  analyses  of  these  goods. 

Acknowledgments  are  due  to  Mr.  W.  A.  Bender  for  the  ash  analyses  here  given  and 
to  Mr.  A.  E.  Taylor  for  many  of  the  other  determinations. 


NOTES   ON   THE  WINTON   LEAD   NUMBER  OF  MIXTURES   OF  CANE 

AND  MAPLE  SIRUP. 

By  It.  E.  Doolittle  and  A.  F.  Seeker. 

Among  a  number  of  samples  of  cane  and  maple  sirup  mixtures  examined  during  the 
past  year  were  a  few  which  had  been  mixed  in  the  presence  of  one  of  the  officials  of  the 
laboratory  and  were  known  to  contain  10  per  cent  of  maple  sugar.  Upon  analysis  it 
was  found  that  those  sirups  gave  no  precipitate  whatever  with  basic  lead  acetate  when 
making  the  lead  number  determinations  according  to  Winton's  method. 

A  sample  of  the  same  maple  sugar  from  which  the  sirups  had  been  prepared  was 
examined  at  the  same  time  and  gave  a  lead  number  of  2.31,  besides  other  results  which 
indicated  the  purity  of  the  product,  and  therefore  the  negative  results  obtained  with 
the  10  per  cent  mixtures  caused  some  surprise. 

Upon  carefully  repeating  the  determination  it  was  observed  that, a  precipitate  was 
formed  when  the  lead  subacetate  solution  first  came  in  contact  with  the  sirup,  but 
this  was  later  redissolved  when  the  whole  of  the  reagent  had  been  added.  It  was 
judged,  therefore,  thai  BO  great  an  excess  of  basic  acetate  prevented  the  usual  precipi- 
tation with    mixtures  of  this  strength. 

A  number  of  portions  <>i'  ■">  grams  each  were  accordingly  taken,  diluted  to  L5  cc  with 
water,  and  placed  in  tot  tubes.  To  each  of  these  were  added  different  amounts  of 
the  standard  basic  acetate  solution,  varying  from  o.i  to5cc,  and  after  thorough  shaking 
the  turbidity  noted.  The  tubes  to  which  the  smaller  amounts  of  reagent  had  been 
added  were  perfectly  dear,  hut  a  tumidity  appeared  as  the  quantity  approached  0.5cc, 
then  came  a  Blight  precipitate,  which  reached  its  maximum  at  I  cc  and  gradually 
decreased  again  \<>  only  a  Blight  opalescence  with  5  w.    Winton's  method  calls  for  26  cc 
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of  reagent  for  25  grams  of  sugar  or  sirup,  a  proportion  of  1  cc  per  gram  of  substance.  The 
maximum  precipitate  was  in  this  case  produced  by  1  cc  to  5  grams  of  substance.  A 
lead  number  determination  was  accordingly  made  on  the  10  per  cent  maple  sirup  in 
question  with  a  lead  subacetate  solution  five  times  weaker  than  that  prescribed  by 
Winton,  and  the  figure  0.137  obtained.  This  solution  is  much  too  weak  to  be  used 
with  pure  maple  sirups,  as  it  contains  only  about  0.8  gram  of  lead  (figured  as  metal) 
per  100  cc,  whereas  100  grams  of  an  average  maple  sugar  will  precipitate  in  Winton 's 
method  over  2  grams  of  lead.  To  show  that  a  large  excess  of  lead  reagent  is  necessary 
to  produce  a  normal  precipitate,  a  sirup  containing  30  per  cent  of  cane  sugar  and  30 
per  cent  of  maple  sugar  was  prepared  and  the  lead  number  determined,  using  both  the 
Winton  solution  and  the  one  diluted  five  times.  With  the  weak  subacetate  a  lead 
number  of  0.29  was  obtained,  with  the  strong,  0.72.  In  the  former  case  there  was  just 
enough  basic  subacetate  in  the  25  cc  of  solution  added  to  have  precipitated  all  of  the 
lead  if  a  normal  precipitation  had  occurred,  and  no  lead  would  have  appeared  in  the 
filtrate.  Actually  the  amount  of  lead  was  insufficient  for  maximum  precipitation  and 
the  lead  number  was  accordingly  too  low.  On  comparing  the  amount  of  lead  remain- 
ing in  solution  with  that  added  it  was  seen  that  the  former  was  62  per  cent  of  the  latter. 
By  the  regular  method  the  excess  of  lead  producing  a  normal  lead  number  was  found 
to  be  81.7  per  cent.  In  the  case  of  the  10  per  cent  maple  sirup  in  which  no  precipita- 
tion was  produced  by  the  regular  solution  and  in  which  a  lead  number  of  0.137  was 
obtained  with  the  1  in  5  dilution,  it  was  found  that  the  excess  of  lead  was  82.1  per  cent. 
As  a  conclusion  it  would  appear  that  at  least  62  per  cent  excess  of  lead  is  necessary 
for  a  complete  precipitation,  an  excess  of  lead  much  greater  than  80  per  cent  tends  to 
prevent  precipitation,  and  that  a  zero  lead  number  obtained  by  the  regular  method 
does  not  indicate  that  so-called  cane  and  maple  sirups  contain  no  maple  sugar. 

It  has  been  suggested  that  the  lead  number  of  the  mixture  containing  10  per  cent  of 
maple  sugar  might  give  normal  results  if  the  solution  after  addition  of  the  lead  reagent 
were  allowed  to  stand  longer  than  two  hours,  as  was  done  in  the  previous  determina- 
tions. On  standing  for  twenty-four  hours  the  opalescence  which  formed  on  adding 
the  lead  subacetate  had  collected  into  a  very  slight  precipitate,  which  was  matched 
in  the  blank  by  one  of  similar  proportions,  though  boiled  distilled  water  had  been  used 
in  all  cases.  After  filtering  in  the  usual  way  and  determining  the  lead  number  zero 
values  were  obtained  as  before. 


THE  DETERMINATION   OF  FUSEL  OIL  BY  ALKALINE 
PERMANGANATE. 

By  A.  S.  Mitchell  and  C.  R.  Smith. 

Fusel  oil  consists  chiefly  of  a  mixture  of  normal  and  isopropyl,  normal  and  isobutyl, 
active  amyl  and  isoamyl,  and  hexyl  alcohols.  The  Allen-Marquardt  method  is  in 
reality  an  estimation  in  terms  of  amyl  alcohol  of  the  higher  alcohols  which  are  dis- 
solved and  retained  by  carbon  tetrachlorid,  under  fixed  conditions,  and  converted 
into  volatile  acids  by  oxidation  with  a  chromic  acid  mixture. 

This  paper  is  the  result  of  an  effort  to  learn  the  conditions  necessary  to  produce 
definite  oxidation  of  the  various  alcohols  by  alkaline  potassium  permanganate  solu- 
tion. It  was  hoped  to  avoid  prolonged  digestion  with  the  oxidizing  agent  and,  later, 
the  subsequent  distillation  with  the  attendant  concentration  of  the  oxidizing  mixture. 
Ordinary  amyl  alcohol,  which  consists  of  iso  and  active  amyl  alcohols,  was  first 
experimented  upon.  In  the  first  effort  the  manganese  dioxid  and  unreduced  per- 
manganate was  not  removed  after  acidifying  for  the  distillation  of  the  free  acids. 
The  mixture  bumped  so  badly  that  the  distillation  could  not  be  completed.  It 
became  necessary  to  remove  the  manganese  dioxid  and  permanganic  acid.  Oxalic 
acid  was  tried  and  rejected.     Hydrogen  peroxid  was  finally  selected  for  this  purpose. 
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In  the  experiments- recorded  in  the  following  table  the  amyl  alcohol  used  had  been 
dried  and  fractionated  at  boiling  points  between  128°  and  132°  C.  After  the  oxidation 
50  cc  of  sulphuric  acid  (1:4)  was  added  and  then  an  excess  of  hydrogen  peroxid,  and 
the  mixture  was  boiled  under  a  reflux  condenser  for  fifteen  minutes  to  remove  any 
carbon  dioxid.  The  mixture  was  then  distilled  until  bumping  occurred  due  to  the 
separation  of  salts  from  the  solution;  80  cc  of  water  were  added  and  distillation  repeated 
to  the  same  point.  The  valeric  acids  were  then  titrated  with  tenth-normal  sodium 
hydroxid  with  the  following  results: 

Amyl  alcohol  estimated  under  varying  conditions,  using  alkaline  potassium  permanganate. 


Time 
of  oxi- 
dation. 

Total 
dilution 
during 
oxida- 
tion. 

Temperature  of  oxidat'on. 

Potas- 
sium 
hy- 
droxid. 

Potas- 
sium 
per- 
man- 
ganate. 

Amount  of  amyl  alcohol. 

Quan- 
tity 
used. 

Quan- 
tity 
found. 

Per  cent 
found. 

Minutes. 
30 
10 
10 
20 
20 
20 
a  20 
10 
10 
30 
30 
30 
30 
30 

cc. 

GO 

00 

GO 

GO 

160 

160 

260 

160 

160 

160 

160 

160 

160 

160 

Room 

Grams. 
5 
5 
5 
5 
5 
5 
5 
5 
•5 
5 
5 
5 
5 
5 

Grams. 
3 
3 
3 
3 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

Grams. 

0.1170 
.1347 
.1190 
.1245 
.1080 
.1181 
.1259 
.1161 
.1090 
.1099 
.1156 
.1545 
.  1631 
.1986 

Grams. 

0. 1047 
.0959 
.  0833 
.0471 
.  0900 
.0915 
.1093 
.  1040 
.0903 
.1091 
.1126 
.  1522 
.  L566 
.1909 

89.5 
71.2 
70.0 
37.8 
88.9 
77.5 
86.8 
89.6 
82.9 
99.2 

9&5 

95.4 
96.1 

Boiling-water  bath 

do 

Room 

Boiling-water  bath 

do 

..do... 

0° 

0° 

0° 

0° 

0° 

«  Hours. 
At  a  temperature  of  0°C.  the  oxidation  of  amyl  alcohol  to  valeric  acid  appears  to  be 
quantitative  and  at  higher  temperatures  the  yield  of  valeric  acid  is  decreased. 
Variations  in  time  within  the  above  limits  have  little  influence  upon  the  reaction. 
When  the  oxidation  is  too  vigorous  destruction  occurs  and  the  results  are  low.  If  the 
reaction  is  controlled  by  decreasing  the  temperature  the  oxidation  is  arrested  at  the 
production  of  the  corresponding  acids.  The  acids  when  produced  are  not  easily 
altered  and  may  be  allowed  to  stand  with  the  oxidizing  agent  at  room  temperature 
without  appreciable  change. 

The  Oxidation  of  Normal  Propyl  and  Isobutyl  Alcohols. 


Similar  experiments  were  made  upon  normal  propyl  and  isobutyl  alcohols,  following 
the  same  procedure  as  in  the  case  of  amyl  alcohol,  and  with  the  following  results. 

Estimation  of  propyl  and  isobutyl  alcohols,  using  alkaline  potassium  permanganate. 


Alcohol. 

Amount 
used. 

Amount  recovered. 

Quantity 

found. 

Percentage 

found. 

Grams. 

0.1151 

.  11. ".I 

.  1005 

.  1005 

Orams. 

0.  Il5li 
.  II '.HI 

.0981 

.  1030 

100.4 

L03.  1 
07.  6 
103.4 

Do.... 

Isolml  vl 

Do* 
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The  Extraction  of  Propyl,  Isobutyl,  and  Amyl  Alcohols  from  Ethyl  Alcohol 

Solutions. 


A  few  trials  were  made  upon  the  extraction  of  these  alcohols  by  carbon  tetrachlorid. 
In  each  case  100  cc  of  43  per  cent  by  volume  alcohol,  containing  known  amounts  of  one 
of  the  alcohols,  was  diluted  to  115  cc,  salted,  and  saturated  sodium  chlorid  solution 
added  to  bring  the  specific  gravity  to  1.10,  extracted  with  four  successive  portions  of 
40,  30,  20,  and  10  cc,  respectively.  The  carbon  tetrachlorid  was  washed  with  three 
portions  of  saturated  salt  solution  50  cc  each,  and  with  one  portion  of  50  cc  of  saturated 
sodium  sulphate  solution.  The  alkali  was  added  to  the  carbon  tetrachlorid  solution 
contained  in  a  separatory  funnel  and  cooled  in  an  ice  bath  to  0°  C.  The  permanganate, 
previously  cooled,  was  added  and  allowed  to  remain  in  the  bath  thirty  minutes,  with 
repeated  shaking.     The  distillation  was  conducted  as  previously  described. 

Extraction  of  alcohols,  using  carbon  tetrachlorid. 


Alcohol. 

Quantity 
used. 

Quantity 
found. 

Percentage 
found. 

Grams. 
0. 1292 
.1292 
.1620 
.  1620 
.2025 

Grams. 
0. 0225 
.0237 
.0920 
.  0953 
.1747 

17.5 
18.3 
56.7 
58.8 
86.2 

Do 

Isobutyl 

Do 

Amyl 

Attempts  to  extract  amyl  alcohol  from  ethyl  alcohol  solutions,  using  petroleum 
ether  as  a  solvent,  failed. 

Direct  Volumetric  Method  for  the  Determination  of  Propyl,  Isobutyl,  and 

Amyl  Alcohols. 

Repeated  attempts  have  been  made  during  the  course  of  this  work  to  estimate 
propyl,  isobutyl,  and  amyl  alcohols,  depending  on  the  amount  of  permanganate 
reduced,  but  without  success  until  satisfactory  conditions  had  been  determined  for 
the  oxidation.  The  permanganate  consumed  was  greatly  in  excess  of  the  theoretical 
amount.  The  unused  permanganate  was  determined  by  adding  a  known  amount  of 
oxalic  acid  in  excess  and  titrating  back  with  permanganate. 

The  alcohols  were  contained  (or  dissolved)  in  50  cc  of  water,  to  which  10  cc  of  potas- 
sium hydroxid  were  added  and  the  whole  cooled  in  an  ice  bath.  One  hundred  cc  of  an 
aqueous  solution  containing  2  grams  of  potassium  permanganate  and  previously  cooled 
in  the  ice  bath  were  then  added  and  the  mixture  was  allowed  to  stand  for  thirty  min- 
utes. It  was  then  removed  from  the  bath,  acidified  with  50  cc  of  24  per  cent  sulphuric 
acid,  a  known  excess  of  oxalic  acid  was  added;  the  mixture  was  then  warmed  and  the 
excess  of  oxalic  acid  titrated  back  with  standard  permanganate.  The  following  factors 
were  used  as  calculated  from  the  theoretical  oxidation  of  the  alcohols  to  their  acids 
by  potassium  permanganate:  One  gram  of  permanganate  equals  0.475  gram  of  propyl 
alcohol,  or  0.585  gram  of  isobutyl  alcohol,  or  0.696  gram  of  amyl  alcohol.  The  results 
follow: 

Preliminary  trials  for  the  volumetric  determination  of  alcohols. 


Alcohol. 

Amount 
used. 

Amount 
found. 

Per  cent 
found. 

Gram. 
0.1150 
.1150 
.1005 

Gram. 
().  1245 
.1246 
.1094 
.1910 
.1400 

108 
108 
109 
130 
130 

d0::::::::::: 

Amyl 

Do 

.1482 
.1074 
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These  figures  seemed  fair  in  the  cases  of  propyl  and  isobutyl  alcohols,  but  poor  for 
amyl  alcohol.  They  apparently  indicate  the  complete  destruction  of  a  portion  of  the 
latter  at  some  stage  of  the  process.  Varying  the  amount  of  alkali  made  no  improve- 
ment. 

That  the  results  were  slightly  high,  as  in  the  case  of  the  propyl  and  isobutyl  alcohols, 
might  be  expected,  for  permanganic  acid  and  manganese  dioxid  are  produced  on 
acidifying  and  are  present  together  for  several  minutes  during  reduction  by  oxalic 
acid.  The  excessive  destruction  of  permanganate  with  amyl  alcohol  points  to  other 
causes. 

As  oxalic  acid  acts  very  slowly  in  reducing  the  manganese  dioxid,  it  was  decided 
to  substitute  hydrogen  peroxid.  Sulphuric  acid  was  added  to  hydrogen  peroxid  and 
the  mixture  resulting  from  the  oxidization  was  poured  slowly  into  it.  This  gives  the 
permanganate  little  opportunity  to  react  with  free  organic  acids,  as  it  is  reduced  by 
the  hydrogen  peroxid  as  it  is  acidified. 

Determination  of  amyl  alcohol,  substituting  hydrogen  peroxid  for  oxalic  acid. 


Amyl 
alcohol 
used. 

Perman- 
ganate 
consumed. 

Amyl 
alcohol 
found. 

Per  cent 
found. 

Gram. 
0. 1276 
.1276 
.1276 
.1536 
.2042 

Gram. 
0.1850 
.1830 
.1827 
.2173 
.2971 

Gram. 
0. 1287 
.1274 
.1272 
.  1512 
.2067 

100.9 
99.8 
99.7 
97.1 

101.2 

A  series  was  run  in  which  isobutyl  and  propyl  alcohols  were  used  instead  of  amyl 
alcohol. 

Determination  of  isobutyl  and  propyl  alcohols,  substituting  hydrogen  peroxid  for  oxalic  acid. 


Alcohol. 

Amount 
used. 

Perman- 
ganate 
consumed. 

Amount 
found. 

Percent 
found. 

Gram. 
0. 1005 
.1005 
.1407 
.  1608 
.1150 

Gram. 
0. 1640 
.1645 
.2240 
.2525 
.1625 

Gram. 
0. 0959 
.0960 
.  1300 
.1477 
.0770 

95.0 
95.0 
92.4 
91.8 

(17.0 

Do 

Do.   . 

Do.   . 

The  results  indicate  incompletion  of  the  oxidation  at  0°,  so  the  procedure  was 
adopted  of  starting  the  oxidation  at  0°  and  allowing  the  mixture  to  warm  slowly  i<> 
room  temperature.  The  mixture  was  allowed  to  remain  ten  minutes  in  the  ice  bath 
and  taken  out  and  warmed  so  that  it  reached  room  temperature  (about  23°  C.)  iril  went  y 
minutes.     The  experiments  reported  below  were  conducted  with  propyl  alcohol. 

Determination  of  propyl  alcohol  after  warming  .solution  to  room  temperature. 


Propyl 

alcohol 
used. 

Perman- 
ganate 

consumed. 

Amount 

found. 

Percent 

found. 

Oram. 

Gra  m . 

Oram. 

0.1215 

0.2490 

0.1183 

07.  4 

.  1 468 

.3050 

.  1449 

99.  i 

.  1701 

.3600 

.  1710 

100  5 

.  1215 

.2495 

.  1 1 S5 

97.  1 

.  1215 

.2530 

.  1202 

98.9 

.  1  i:,s 

.3040 

.  i  ill 

99.  o 
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That  it  should  be  necessary  to  warm  the  solution  to  room  temperature  seems  incon- 
sistent with  the  results  obtained  on  propyl  and  isobutyl  alcohols  where  the  acids 
formed  were  distilled.  The  explanation  probably  lies  in  the  fact  that  delay  occurred 
before  the  destruction  of  the  permanganate  with  the  hydrogen  peroxid.  Hence  it 
seems  a  necessary  condition  in  the  quantitative  oxidation  of  mixtures  containing 
isobutyl  and  amyl  alcohols  by  alkaline  permanganate,  that  after  the  oxidation  of  the 
amyl  alcohol  at  0°  the  solution  be  allowed  to  warm  to  room  temperature. 

That  amyl  alcohol  in  carbon  tetrachlorid  solution  should  be  quantitatively  oxidized 
by  alkaline  permanganate  was  quite  probable,  providing  the  alkaline  permanganate 
could  reach  the  alcohol.  Knowing  that  the  oxidation  of  the  amyl  alcohol  is  quite 
rapid,  and  desiring  to  shorten  the  time  of  shaking  as  much  as  possible,  it  was  thought 
five  minutes  of  continual  shaking  would  be  sufficient.  The  following  table  indicates 
the  amount  of  amyl  alcohol  dissolved  in  100  cc  of  carbon  tetrachlorid  and  the  amount 
found: 

Determination  of  amyl  alcohol  in  carbon  tetrachlorid  solution. 


Amyl 
alcohol 
used. 

Amount 
found. 

Per  cent 
found. 

Gram. 
0. 1004 
.1671 
.1892 
.2053 
.2450 

Gram. 
0. 1029 
.1704 
.1931 
.2064 
.2467 

102.4 
101.9 
102.1 
100.5 
100.7 

The  extraction  of  amyl  alcohol  from  alcoholic  solution  was  next  subjected  to  experi- 
ment. In  the  analysis  of  distilled  liquors  we  are  dealing  with  45  to  55  per  cent  by 
volume  alcohol  solutions  which  are  extracted  with  tetrachlorid  and  the  tetrachlorid 
washed  with  saturated  solutions  of  sodium  chlorid  and  sodium  sulphate  to  remove 
the  ethyl  alcohol,  estimating  the  higher  alcohols  extracted  under  fixed  conditions. 
It  was  thought  of  importance  to  learn  how  thoroughly  the  washing  of  the  ethyl  alcohol 
from  the  tetrachlorid  was  accomplished  by  the  customary  method  of  washing  three 
times  with  three  50  cc  portions  of  saturated  sodium  chlorid  solution,  and  lastly  with 
one  50  cc  portion  of  saturated  sodium  sulphate  solution.  The  extraction  was  made 
from  100  cc  of  45  per  cent  by  volume  alcohol.  The  temperature  of  the  solutions  was 
23°  C.  In  four  experiments  the  following  amounts  (grams)  of  permanganate  were 
consumed:  0.0080,  0.0114,  0.0090,  0.0065;  average,  0.0087.  This  indicated  the  reten- 
tion in  the  carbon  tetrachlorid  of  approximately  0.0033  gram  of  ethyl  alcohol. 

Extraction  of  known  amounts  of  amyl  alcohol  from  ethyl  alcoholic  solution,  45 
per  cent  by  volume,  were  made  with  the  following  results: 

Extraction  of  known  amounts  of  amyl  alcohol  from  ethyl  alcohol  solution  {23°  C). 


Permanga- 

Amyl 

Total  per- 

Correction 

nate  con- 

Amy] 

y         , 

alcohol 

manganate 

for  ethyl 

sumed  by 

alcohol 

tion 

present. 

consumed. 

alcohol. 

amyl 
alcohol. 

found. 

Gram. 

Gram. 

Gra  m . 

Gram. 

Gram. 

Per  cent. 

0. 0987 

0. 1055 

0. 0087 

0. 0968 

0. 0073 

68.2 

.1480 

.1068 

.0087 

.1581 

.1100 

74.3 

.2468 

.2725 

.0087 

.2638 

.1826 

74.0 
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Extraction  of  similar  known  amounts  of  amy  I  alcohol  at  17.5°  C,  using  100  cc  of  a  50 
per  cent  by  volume  solutiori  of  ethyl  alcohol. 


Permanga- 

Amvl 

Total  per- 

Correction 

nate  con- 

Amvl 

Extrac- 
tion. 

alcohol 

manganate 

for  ethyl 

sumed  bv 

alcohol 

used. 

consumed. 

alcohol. 

amyl 

found. 

alcohol 

Gram. 

Gram. 

Gram. 

Gram. 

Gram. 

Per  cent. 

0.0987 

0. 120.5 

0.00S7 

0.1118 

0.  077S 

78.8 

.1481 

.1810 

.00S7 

.1723 

.1199 

81  0 

.1481 

.1730 

.0087 

.1643 

.1143 

77.2 

.1974 

.2295 

.0087 

.2208 

.1537 

77.9 

For  the  estimation  of  ethyl  alcohol  by  alkaline  permanganate  a  solution  of  fusel- 
free  alcohol  containing  24.75  grams  per  100  cc  as  determined  by  the  pycnometcr  was 
diluted  with  water  one  hundred  times.  Portions  of  this  solution  were  then  diluted 
to  50  cc  and  estimated  by  the  same  method  as  used  in  the  case  of  the  other  alcohols. 
The  oxidation  was  quite  rapid,  and  the  time  allowed  was  ten  minutes.  Using  the 
factor  0.3636  for  oxidation  to  acetic  acid  the  following  results  were  obtained: 

Estimation  of  ethyl  alcohol  by  alkaline  permanganate. 


Ethyl  alcohol. 

Perman- 
ganate 

1                      1 

used. 

Amount 

Amount 

Per  cent 

present. 

found. 

found. 

Gram. 

Gram. 

Gram. 

0. 1392 

0. 0495 

0.0506 

102.2 

.1673 

.0619 

.0608 

98.2 

.2072 

.0742 

.0753 

101.4 

.2045 

.0742 

.0743 

100.1 

.2070 

.0742 

.0753 

101.4 

.2812 

.0990 

.1021 

103.1 

.3405 

.1237 

.  1237 

100.0 

Similar  trials  were  made  with  methyl  alcohol.  Methyl  alcohol  was  purified  by 
drying  with  calcium  chlorid,  heating  with  anhydrous  oxalic  acid  to  convert  into 
dimethyl  oxalate,  the  crystals  drained  and  pressed  dry,  and  finally  decomposed  with 
slight  excess  of  dilute  alkali  and  distilled.  The  specific  gravity  of  the  distillate  was 
taken  and  the  methyl  alcohol  present  obtained  from  Dittmar's  table.  In  the  first  series 
of  experiments  the  oxidation  was  allowed  twenty  minutes  at  the  temperature  of  the 
ice  bath.  Considering  formic  acid  to  be  the  end  product  of  the  oxidation,  the  factor 
would  be  0.253;  if  the  formic  acid  were  completely  oxidized  to  carbon  dioxid  the  factor 
would  be  0.1686. 

Estimation  of  methyl  alcohol  by  alkaline  permanganate  at  <>°  ('. 


Methyl 
alcohol 
present. 

Perm  a  n- 

ganate 

consumed. 

Methyl  alcohol  found. 

Factor  0.253. 

Factor  0.1686. 

Gram. 

0  0196 

.0392 

.0589 

.0981 

Gram. 
0.1145 
.2150 
.3130 

.4115 

Gram. 
0.0289 

.0.544 
.0791 
.1041 

Percent. 

1  17.  5 
143.9 

135. 0 

106. 1 

Oram. 

0.0193 
.  0362 
.0527 
.  0603 

Per  cent. 
98.5 
92  4 
89.  .5 
70.8 
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It  will  be  inferred  that  the  reaction  proceeded  to  carbon  dioxid,  but  was  not  com- 
plete when  large  amounts  of  methyl  alcohol  were  oxidized.  There  is  no  need  of 
cooling  the  solutions  if  complete  oxidation  is  intended,  so  a  series  of  trials  were  made 
at  room  temperature,  time  of  oxidation  thirty  minutes,  and  using  the  factor  0.1686. 
The  results  follow: 

Estimation  of  methyl  alcohol  by  alkaline  permanganate  at  room  temperature. 


When  warmed  in  a  water  bath  at  60°  for  five  minutes  and  cooled  to  room  tempera- 
ture and  titrated,  0.0393  gram  of  methyl  alcohol  gave  0.0395  or  100.8  per  cent  of  the 
amount  present. 

For  the  application  of  the  alkaline  permanganate  method  to  the  carbon  tetrachlorid 
extract  of  the  higher  alcohols  from  distilled  liquors,  the  following  procedure  is  sug- 


SOLUTIONS    REQUIRED. 

1.  A  stronger  solution  of  potassium  permanganate  containing  approximately  20 
grams  to  the  liter. 

2.  A  hydrogen  peroxid  solution  of  a  strength  slightly  in  excess  of  that  of  solution 
No.  1  (2  per  cent  stronger). 

3.  A  standard  permanganate  solution  containing  10  grams  of  the  salt  to  the  liter, 
the  value  of  which  has  been  accurately  ascertained. 

4.  A  solution  of  potassium  hydroxid  of  1  :  1  strength. 

5.  A  sulphuric-acid  solution  containing  approximately  25  per  cent  of  acid. 

METHOD    OF    PROCEDURE. 


To  the  carbon  tetrachlorid  extract  contained  in  the  separatory  funnel,  add  10  cc 
of  the  potassium  hydroxid  solution  (No.  1).  Cool  the  mixture  in  ice  water  to  approxi- 
mately 0°  C.  Similarly  cool  100  cc  of  the  stronger  solution  of  potassium  permanganate 
(No.  1),  accurately  measured,  in  a  flask. 

To  the  contents  of  the  separatory  funnel  add  the  bulk  of  the  permanganate  solution, 
but  without  rinsing  the  flask  and  retaining  the  residue  to  be  added  at  a  later  stage. 

Remove  the  mixture  from  the  bath  and  shake  vigorously  for  a  period  of  five  minutes; 
set  aside  for  thirty  minutes,  with  occasional  shaking,  permitting  the  liquid  to  warm 
to  room  temperature  (20°  to  25°  C). 

Accurately  measure  100  cc  of  hydrogen  peroxid  solution  into  a  1-liter  Erlenmeyer 
flask.  Acidulate  this  with  100  cc  of  sulphuric-acid  solution.  Slowly  add  the  con- 
tents of  the  separatory  funnel  with  constant  shaking,  keeping  the  acid  solution  con- 
stantly in  excess. 

Rinse  the  separatory  funnel  and  flask  containing  the  residue  of  permanganate  with 
water  and  add  to  the  peroxid  solution. 

Titrate  the  excess  of  hydrogen  peroxid  remaining  with  the  standard  potassium  per- 
manganate. 

Run  a  blank  determination,  using  the  same  amounts  of  the  stronger  permanganate, 
potassium  hydrate,  hydrogen  peroxid,  and  sulphuric-acid  solution  and  titrating  the 
residual  peroxid  with  the  standard  permanganate  as  before. 

The  difference  in  amount  of  permanganate  consumed  in  grams  times  0.696  ,ui\ res 
the  result  in  terms  of  amyl  alcohol. 
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METHODS  OF  ANALYSIS   OF  DISTILLED   SPIRITS. 

By  L.  M.  Tolman  and  W.  E.  IIillyer. 

The  methods  of  the  association  for  the  analysis  of  distilled  spirits,  as  given  in 
Bulletin  107,  Revised,  of  the  Bureau  of  Chemistry,  are  for  the  most  part  the  best 
methods  available;  but  a  few  modifications  and  some  new  methods  have  been  found 
to  be  of  value. 

Determination  of  Coloring  Matters. 

The  method  which  has  proved  to  be  the  most  satisfactory  in  the  Bureau  of  Chemistry 
for  distinguishing  between  natural  and  artificial  coloring  matters  in  distilled  spirits 
is  the  qualitative  Marsh  test.  This  depends  on  the  relative  solubilities  of  coloring 
matters  in  ethyl  alcohol,  amyl  alcohol,  and  water.  The  addition  of  amy]  alcohol, 
when  in  sufficient  quantity,  to  a  mixture  of  50  parts  of  ethyl  alcohol  and  50  parts 
of  water  will  cause  a  separation  of  the  liquids  into  two  layers,  the  lower  layer  being 
largely  water  and  the  upper  one  a  mixture  of  ethyl  alcohol,  amyl  alcohol,  and  some 
water.  As  a  result  of  this  separation,  water-soluble  coloring  matter  can  be  separated 
from  alcohol-soluble  coloring  matter;  that  is  to  say,  caramel  can  be  separated  from 
the  natural  coloring  matter  of  whisky.  Up  to  the  present  time  this  has  been  used 
as  a  qualitative  test  of  the  greatest  value,  but  it  now  appears  that  the  method  can 
be  adapted  for  quantitative  determination,  the  amount  of  added  coloring  matter 
present  in  relation  to  the  natural  coloring  matter  being  determined.  The  following 
method  has  been  developed  and  found  to  be  entirely  satisfactory: 

AMYL   INSOLUBLE    METHOD    (QUANTITATIVE    MARSH   TEST). 

Evaporate  50  cc  of  the  whisky  just  to  dryness  on  the  steam  bath  in  a  porcelain 
evaporating  dish.  Add  26.3  cc  of  95  per  cent  alcohol  to  dissolve  the  residue,  and 
transfer  to  a  50  cc  flask,  using  water  and  making  up  to  volume  with  water.  This 
gives  a  50  per  cent  alcoholic  solution  from  which  to  make  an  extraction.  [It  is  nec- 
essary that  the  extraction  should  be  made  from  a  solution  of  definite  alcoholic 
strength,  as  it  can  be  readily  seen  that  variations  in  the  percentage  of  ethyl  alcohol 
would  make  a  decided  difference  in  the  amount  of  amyl  alcohol  to  effect  the  proper 
separation.]  Place  25  cc  of  this  50  per  cent  alcoholic  solution  in  a  separatory  funnel, 
add  20  cc  of  the  Marsh  reagent,  then  shake  lightly  so  as  not  to  emulsify.  (The  Marsh 
reagent  consists  of  100  cc  of  amyl  alcohol,  3  cc  of  sirupy  phosphoric  acid,  and  3  cc 
of  water;  shake  before  using.)  Allow  the  layers  to  separate;  repeat  this  shaking  and 
standing  twice  more,  and  after  the  layers  have  clearly  separated  the  last  time,  draw- 
off  the  lower  or  water  layer  containing  the  caramel  or  water-soluble  coloring  matter 
into  a  25  cc  cylinder  and  make  up  to  volume  with  50  per  cent  alcohol.  Compare 
this  portion  in  a  colorimeter  with  the  remaining  25  cc  which  has  not  been  treated 
with  the  Marsh  reagent,  thus  directly  giving  the  percentage  of  color  not  soluble  in 
amyl  alcohol. 

The  following  table  gives  the  results  obtained  by  applying  this  method  to  straight 
and  imitation  whiskies: 

Amyl  alcohol  tests  for  color  in  whiskies. 


Description  of  Sample. 


Insolu- 
ble in 
amyl 

alcohol. 


Straight  American  whiskies: 

Average 

Maximum 

Minimum 

Straight   whiskies  bought   in 

market: 

Average 


Per  can. 
10 

12 

7 


Soluble 

in  amyl 
alcohol. 


Per  cent. 
90 

88 
03 


91 


Description  of  sample. 


Imitation    whiskies   bought 

in  market: 

Average 

Scotch  u  hiskies  (straight ): 

Average 

Maximum 

Minimum 


Insolu- 
alcohol. 


Pir  cm/. 
i 

7 
8 
5 


Soluble 


alcohol. 


Per  cent. 

ii 

N 
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It  will  be  seen  from  this  table  that  in  any  straight  American  whisky  90  per  cent 
of  the  coloring  matter  is  soluble  in  the  amyl  alcohol  and  ethyl  alcohol  layer,  while 
in  an  imitation  whisky  14  per  cent  is  soluble  in  the  upper  layer.  This  method  gives 
a  much  more  complete  separation  of  the  coloring  matter  taken  from  wood  and  from 
caramel  than  either  the  water-insoluble  method  or  the  ether-soluble  method,  and 
seems  to  be  the  most  reliable  and  satisfactory  test  that  we  now  have  for  the  detection 
of  added  coloring  matter  and  its  estimation. 

Further,  if  a  whisky  contains  a  certain  amount  of  caramel  this  method  will  give  a 
partial  separation,  and  the  percentage  of  caramel  added  can  be  approximately  esti- 
mated. The  present  provisional  method,  known  as  the  "  Crampton  and  Simons  test," 
for  caramel  depending  on  the  insolubility  of  caramel  in  ether,  is  not  nearly  so  satis- 
factory as  the  method  here  presented,  as  the  separation  of  the  coloring  matters  is 
much  less  complete.  The  ether-soluble  method,  as  given  in  Bulletin  107,  Revised, 
page  101,  is  cumbersome,  and  calls  for  unnecessary  special  apparatus.  Accurate 
practical  results  have  always  been  obtained  by  the  following  procedure: 

ETHER-SOLUBLE    COLOR   METHOD. 

Evaporate  50  cc  of  the  sample  just  to  dryness  on  the  water  bath;  wash  into  a  50 
cc  flask  with  25  cc  of  alcohol  and  dilute  to  mark  with  water.  Transfer  25  cc  with  a 
pipette  to  a  separatory  funnel  and  add  50  cc  of  ether.  Shake  at  intervals  for  half 
an  hour,  let  settle,  draAV  off  the  aqueous  layer,  and  make  up  to  25  cc  with  water. 
Mix  this  latter  and  compare  with  the  25  cc  of  the  solution  which  were  not  treated 
with  ether.  Express  the  amount  of  color  removed  on  the  percentage  basis  as  ether- 
soluble  color. 

This  modification  simply  eliminates  the  special  Bromwell  apparatus,  and  the 
method  is  but  little  used  in  the  Bureau  of  Chemistry,  but  the  change  is  presented 
as  essential  in  applying  the  method.  We  do,  however,  use  the  method  of  determin- 
ing the  color  insoluble  in  water,  caramel,  of  course,  being  perfectly  soluble  and  the 
coloring  matter  of  whisky  being  practically  insoluble  in  water.  This  gives  a  method 
of  separation  which  is  very  satisfactory,  the  procedure  outlined  in  this  laboratory 
being  as  follows: 

WATER-INSOLUBLE    COLOR   METHOD. 

Evaporate  50  cc  of  sample  just  to  dryness.  Take  up  with  cold  water,  using  ap- 
proximately 15  cc,  and  filter,  washing  with  water  until  nearly  25  cc  of  filtrate  is 
obtained.  Add  about  26.3  cc  of  95  per  cent  alcohol,  and  complete  the  volume  to  the 
50  cc  mark  by  the  addition  of  water.  Mix  thoroughly  and  compare  in  a  colorimeter 
with  the  color  of  the  original  sample,  stating  results  as  percentage  of  color  insoluble 
in  water  obtained  by  subtracting  the  percentage  soluble  color,  reading  from  100. 

The  following  table  compares  the  results  obtained  by  the  determination  of  water- 
insoluble  color  with  the  ether-soluble  color  on  a  number  of  straight  whiskies  and  on 
spirits  colored  with  caramel: 

Comparison  of  water-insoluble  color  and  ether-soluble  color  on  different  types  of  distilled 

spirits. 


Water- 
Description  of  samples.  Soring 

matter. 


Ether- 
soluble 
coloring 
matter. 


(59  straight  rye  whiskies  of  known  source  and  age. . 
27  straight  bourbon  whiskies  of  known  source  and 

24  compound  whiskies  bought  in  open  market 

33  imitation  whiskies  bought  in  open  market 


Per  ct  nt. 

35.0 

29.5 

19.3 

7.3 


This  table  shows  that  results  obtained  by  the  ether-soluble  method  do  not  show 
enough  difference  between  the  straight  whiskies  and  those  artificially  colored.  That 
is  to  say,  in  ether  the  difference  in  solubility  between  whisky  color  and  caramel  is 
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not  large  enough  to  make  a  satisfactory  separation,  while  the  water-insoluble  method 
shows  a  much  wider  difference  and  gives  the  same  information,  but  is  not  so  valuable 
as  the  amyl  alcohol  test,  which  makes  the  most  complete  separation  of  the  two  kinds 
of  coloring  matter.  In  a  study  of  the  water-insoluble  method  it  was  found  best  to 
evaporate  just  to  dryness,  and,  further,  that  the  manner  of  evaporation  did  not  affect 
the  results.  It  also  appears  that  the  amount  of  sugar  present  as  caramel  does  not 
affect  the  solubility  of  the  whisky  coloring  matter. 

DETERMINATION    OF    FUSEL   OIL. 

The  determination  of  fusel  oil  or  higher  alcohol  is  undoubtedly  one  of  the  most 
important  ones  made  in  the  analysis  of  distilled  spirits,  giving  more  information  as 
to  the  methods  of  distillation  in  the  manufacture  of  the  spirit  than  any  other  factor. 
When  the  examination  of  distilled  spirits  was  begun,  an  extensive  investigation  was 
made  of  the  Roese  method  as  given  in  the  official  methods  of  the  Association  of  Offi- 
cial Agricultural  Chemists, a  and  it  was  found  that  a  great  many  difficulties  were 
encountered  in  employing  the  apparatus  and  method  as  there  directed.  This  method, 
depending  as  it  does  upon  the  relative  solubilities  of  alcohol,  chloroform,  and  fusel 
oil  in  each  other,  requires  that  the  conditions  of  temperature  and  concentration  must 
be  very  carefully  controlled.  The  first  difficulty  encountered  was  the  leaking  of  the 
stopcocks  in  the  apparatus  adopted  by  the  association,  known  as  the  Bromwell  tube, 
and  after  many  experiments  it  appeared  that  this  could  not  be  overcome.  The 
chloroform  solution  would  invariably  leak  through  the  ground-glass  stoppers,  so  that 
it  became  necessary  to  return  to  the  older  form  of  apparatus  as  designed  by  Roese, 
which  has  no  stopcock,  but  is  extremely  difficult  to  fill.  With  this  form  of  appa- 
ratus, however,  somewhat  satisfactory  results  were  obtained. 

It  was  found  also  to  be  absolutely  necessary  that  the  apparatus  be  perfectly  clean 
ami  free  from  any  oily  material,  and  in  order  to  insure  this  it  was  heated  in  a  sulphuric- 
acid-bichromate  solution  after  almost  every  determination.  Unless  this  is  done 
drops  of  water  will  stick  to  the  sides  of  the  chloroform  bulb  and  increase  the  volume 
of  the  chloroform  and  the  amount  of  fusel  oil  shown.  Also  it  is  absolutely  necessary 
that  during  the  whole  determination  the  solutions  and  apparatus  should  be  kept 
exactly  at  15°  C,  and  to  this  end  a  large  constant  temperature  bath  was  built  deep 
enough  so  that  the  tubes  could  be  immersed  completely  and  the  shaking  could  be 
carried  on  in  the  bath  itself.  It  was  found  that  if  the  tubes  were  removed  from  the 
bath  and  shaken  in  the  air  the  results  were  entirely  inaccurate,  a  much  larger  blank 
being  obtained.  This  is  easily  explainable.  If  the  temperature  of  the  mom  is  very 
much  above  that  of  the  bath,  the  shaking  will  raise  the  temperature  of  the  solution 
and  change  the  relations  between  the  solubilities  of  the  various  liquids  in  each  other, 
thus  yielding  results  of  little  value. 

A  regular  procedure  was  adopted  in  regard  to  the  shaking.  The  apparatus  was 
filled  according  to  directions  and  immersed  in  the1  constant-temperature  bath  until 
all  the  solutions  had  reached  the  same  temperature.  The  tube  was  inverted  in  the 
bath  and  shaken  vigorously  L50  times,  then  reversed  and  allowed  to  stand  in  the  tank 
Until  all  the  chloroform  had  settled  back  into  the  bulb,  after  which  a  reading  was 
made. 

By  using  this  apparatus  and  carefully  following  these  details  fairly  satisfactory 
results  wore  obtained,  but  at  the  same  time  the  A  llen-Manpiardl  method  was  tested 
and  found  to  be  much  more  convenient  and  accurate.  In  a  recent  paper  by  Doctor 
Dudley,  of  Vanderbilt  University,  on  '"The  comparison  of  results  obtained  by  the 

Roese  and  the  A  llen-Manpiardt  methods, "&  these  same  difficulties  and  errors  in  the 

Roese  method  were  noted,  so  that  it  seems  advisable  to  abandon  the  old  Roese  method 
and  direct   our  attention   to  th"    Allen-Manpiardt    method     which  apparently  gives 

iniieh  more  satisfactory  results. 


oBul.  107.  Revised,  p.  !»7.  &J.  Amer.  ('hem.  So,.,  L908,  SO:  L271. 
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In  the  work  of  the  Bureau  of  Chemistry  for  the  past  year  or  more  much  work  has 
been  done  to  perfect  the  Allen-Marquardt  method,  and  it  will  be  discussed  some- 
what in  detail,  as  some  of  the  modifications  devised  improve  the  method  and  have 
not  been  published,  but  are  of  great  importance  in  obtaining  accurate  results. 

The  method  as  used  at  the  present  time  is  the  same  as  is  given  in  Bulletin  107, 
Revised,  but  it  has  been  found  necessary  to  have  the  proof  of  the  sample  under  exami- 
nation not  much  above  100  in  order  that  the  volume  when  made  up  to  1.12  specific 
gravity  will  not  be  too  great  for  the  separatory  funnels  used.  In  the  analysis  of  high- 
proof  spirits,  (horofore,  50  cc  of  the  sample  are  used  for  analysis  and  50  cc  of  water 
added,  making  the  product  approximately  100  proof. 

One  point  which  is  extremely  important  is  that  the  carbon  tetrachlorid  used  must 
be  of  the  highest  purity.  We  have  found  that  most  of  the  C.  P.  carbon  tetrachlorid 
on  the  market  is  entirely  unsatisfactory  for  this  determination  until  it  has  been  puri- 
fied by  oxidation  with  bichromate  and  sulphuric  acid,  as  called  for  in  the  present 
provisional  method.  In  the  proper  control  of  this  purification  a  renewal  of  the 
bichromate  and  sulphuric  acid  mixture  is  necessary  and  often  makes  the  process  a 
lengthy  one  where  the  carbon  tetrachlorid  is  very  impure.  For  this  reason  the  fol- 
lowing new  method,  devised  by  A.  M.  Breckler,  is  used: 

Mix  the  crude  carbon  tetrachlorid  with  strong  sulphuric  acid  in  the  proportion  of 
300  cc  of  acid  to  every  3,000  cc  of  the  carbon  tetrachlorid.  Shake  this  mixture  thor- 
oughly at  frequent  intervals  and  allow  to  stand  over  night.  Then  run  water  through 
the  mixture  continuously,  by  means  of  a  glass  tube  inserted  to  the  hoi  loin  of  the 
bottle  and  connect  with  the  water  tap,  until  thoroughly  washed  free  from  acid  and 
impurities.  Draw  off  the  water  or  upper  layer  by  means  of  a  siphon,  the  last  por- 
tions being  removed  as  far  as  possible  by  a  pipette.  Add  an  excess  of  soda  solution 
and  distil  the  carbon  tetrachlorid  from  it. 

The  advantage  of  this  method  is  that  a  good  blank  can  be  obtained,  the  process  of 
purification  is  decidedly  shorter,  and  it  may  be  adapted  to  cruder  carbon  tetrachlorid 
than  can  the  present  provisional  method,  thus  allowing  cheaper  material  to  be  used. 
A  blank  should  always  be  run  on  each  set  of  determinations  and  if  this  amounts  in  the 
end  to  more  than  0.2  to  0.3  cc  of  tenth-normal  alkali  due  to  the  carbon  tetrachlorid, 
the  reagent  is  not  pure  enough  for  this  determination.  The  impurities  present  in 
some  samples  of  bichromate  also  gave  trouble.  It  is  absolutely  necessary  in  this 
method  that  reagents  of  all  kinds  shall  be  entirely  free  from  organic  contamination. 

In  the  extraction  portion  of  the  method  the  following  precautions  are  necessary : 

(1.)  A  shaking  machine  gives  more  regular  conditions  for  extraction,  each  shaking 
process  being  continued  for  a  period  of  two  minutes. 

(2)  It  is  of  advantage  to  have  perfectly  saturated  sodium  chlorid  and  sodium  sul- 
phate, and  for  this  purpose  the  solutions  are  kept  standing  over  an  excess  of  l  he  salt 
and  continually  agitated  by  a  current  of  air. 

(3)  It  has  been  experimentally  determined  that  a  colder  temperature  gives  a  more 
efficient  extraction. 

(4)  It  is  also  necessary  to  take  special  care  to  remove  by  complete  washing  with 
sodium  sulphate  all  the  sodium  chlorid  from  the  carbon  tetrachlorid  ex  I  ract  on  accounl 
of  the  formation  of  chlorin  in  the  oxidizing  process  with  bichromate  and  sulphuric 
acid  and  the  danger  of  this  chlorin  interfering  with  the  titration  by  bleaching  the  in- 
dicator. The  present  provisional  method  calls  Eor  one  washing  with  sodium  sulphate 
to  accomplish  this  result,  but  it  has  been  found  by  experimenl  thai  two  are  nol  suffi- 
cient to  remove  the  sodium  chlorid.  On  the  other  hand,  il  may  be  that  more  than 
two  washings  would  abstract  some  of  the  higher  alcohols,  therefore  it  appears  that  the 
present  directions  in  the  provisional  method  should  be  changed  from  one  to  two 
washings. 

(5)  It  is  necessary  in  carrying  on  the  oxidation  that  the  boiling  of  the  carbon  tetra- 
chlorid with  the  oxidizing  solution  should  be  slow  and  regular,  and  that  a  high  con- 
denser should  boused  to  insure  the  complete  condensation  of  all  the  products.  Espe 
cially  is  this  slow  boiling  necessary  in  the  following  modified  method  which  de- 
pends on  the  estimation  of  the  potassium  bichromate  reduced  during  the  oxidation. 
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The  Allen-Marquardt  method,  modified  according  to  these  suggestions,  reads  as 
follows : 

MODIFIED  AXLEN-MARQUABDT  METHOD. 

Reagt  nts. 

Solutions  of  sodium  thiosulphate. — Two  solutions  of  sodium  thiosulphate  are  used, 
one  an  approximate  three-fourths-normal  not  standardized,  and  the  other  a  tenth- 
normal standardized  against  pure  potassium  bichromate  whose  value  has  been  ob- 
tained against  pure  iron. 

Carbon  tetramlorid. — The  purification  of  this  reagent  is  a  fundamental  necessity. 
(See  Breckler's  method,  p.  209.) 

Potassium  iodid  solution. — Dissolve  1  gram  in  every  cubic  centimeter  of  water 
taken. 

Bichromate  oxidizing  solution. — Dissolve  200  grams  of  pulverized  potassium  bichro- 
mate in  1,800  cc  of  water  and  add  200  cc  of  concentrated  sulphuric  acid. 

Determination. 

Proceed  with  the  Allen-Marquardt  method  for  determining  fusel  oil.  as  given  in 
Bulletin  107,  page  9S,  to  the  point  of  adding  the  oxidizing  mixture.  Add  exactly  50 
cc  of  the  oxidizing  solution  to  the  blank  and  the  samples  by  means  of  a  pipette  or 
burette  and  then  oxidize  under  a  high  reflux  condenser  for  eight  hours.  During  the 
oxidation,  shaking  the  flask  with  a  rotary  motion  will  prevent  any  isolation  of  spots 
of  bichromate  on  the  flask  below  the  carbon  tetrachlorid.  Decomposition  from  over- 
heating is  prevented  by  placing  between  the  wire  gauze  and  the  iiask  two  thickiu  Bsee 
of  one-fourth  inch  asbestos  board. 

Remove  the  flask  from  the  reflux  condenser  and  separate  the  bichromate  from  the 
carbon  tetrachlorid  in  a  separating  funnel.  Care  must  be  taken  that  in  this  process 
no  bichromate  is  lost  and  that  the  carbon  tetrachlorid  is  washed  free  from  it.  Make 
up  the  bichromate  solution  thus  obtained  to  500  cc. 

Measure  200  cc  of  this  solution  into  a  liter  flask.  Add  50  cc  of  the  potassium  iodid 
solution,  50  cc  of  the  approximately  three-fourths-normal  solution  of  sodium-thio- 
sulphate,  and  then  20  cc  of  concentrated  hydrochloric  acid.  Titrate  the  excess  of 
bichromate  with  the  standard  tenth-normal  thiosulphate  solution.  If  a  high  content 
of  fusel  oil  was  present  in  the  original  sample,  the  addition  of  50  cc  of  the  three-fourths- 
normal  thiosulphate  solution  may  be  excessive  and  if  such  is  the  case  a  smaller  amount 
should  be  added  and  the  blank  titrated  in  the  same  manner. 

Treat  blanks  containing  exactly  the  same  amount  of  the  reagents  used  in  running 
each  series  of  commercial  samples  in  the  same  way,  starting  them  at  the  point  where 
the  carbon  tetrachlorid  is  washed  with  sodium  chlorid.  The  titration  of  this  blank, 
to  which  has  been  added  the  same  amount  of  the  three-fourths-normal  thiosulphate 
solution,  gives  the  value  of  the  oxidizing  mixture.  The  difference  between  this 
value  in  cubic  centimeters  of  tenth-normal  thiosulphate  and  that  obtained  on  the 
reduced  oxidizing  mixture  of  the  commercial  sample  in  each  case  gives  the  amount 
of  bichromate  used  up  by  the  oxidation  of  the  fusel  oil  present.  This  difference  is 
then  calculated  to  grams  of  amyl  alcohol  using  the  following  factor:  1  cc  of  tenth- 
normal thiosulphate  equals  0.001773  gram  of  amyl  alcohol. 

The  factor  used  is  an  average  one  obtained  by  three  manipulators  in  making  60  runs 
on  standards  containing  amounts  of  pure  amyl  alcohol,  varying  from  0  05  to  0.5  gram 
as  follows: 

Development  of/actor  in  the  oxidizing  process  of  the  Allen-Marquardt  method. 


Ainih  st. 

Content  of 

amyl  alco- 
hol. 

Number  of 
determina- 
tions. 

Maximum. 

Minimum. 

Average. 

Boyle ' 

'  Do 

Cram. 

0.  06+ 

.  10+ 

.10- 

.10+ 

.31  t 
.30+ 

.  53  f 

9 
B 
5 
I 

9 
- 
6 
4 
5 
4 
1 

0.001885 
.001885 

.001790 

.001840 
.001751 
.001754 
.001725 

.  001S30 

a  001652 

.001637 

.001806 

1 

.001721 

.001710 
.001719 

.001800 

0.001761 
.001785 

Albreob 

.001806 

.001776 



Do 

.001799 

Boj  I-   

.001736 

.001771 

Boyle 

Dm 

.001818 

.001885 

.001034 

.  001773 
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The  maximum  and  minimum  figures  show  that  the  oxidizing  process  carried  out 
under  normal  laboratory  conditions  is  practically  uniform  with  respect  to  the  varying 
amounts  of  fusel  oil  present.  It  was  found  that  the  reactions  taking  place  between 
the  bichromate  and  the  amyl  alcohol  were  little  understood,  and  that  it  was  impossible 
to  calculate  a  factor  which  gave  anything  like  the  actual  results  obtained;  so  that  the 
results  of  the  experiments  given  above  were  made,  and  the  surprising  closeness  of  the 
figures  obtained  by  the  various  analysts  shows  that  there  is  a  definite  reaction  taking 
place;  and,  while  this  reaction  has  not  been  figured  out,  the  writers  feel  entirely  justi- 
fied by  the  results  in  adopting  this  factor. 

This  change  in  the  method  was  developed  as  it  was  found  that  the  final  distillation 
of  the  volatile  acids  was  not  satisfactory,  on  account  of  the  fact  that  only  a  portion  is 
distilled  over  when  the  present  provisional  method  is  followed.  The  following  table 
of  experimental  data  develops  the  conclusion  just  stated  and  shows  on  an  average  for 
all  contents  of  amyl  alcohol  that  the  percentage  yield  is  raised  from  78  to  92  per  cent 
if  the  washing  process  is  continued. 

Effect  of  continued  washing  on  the  results  obtained  by  the  Allen- Mar quardt  method.- 


Amyl  alcohol  present. 

Present  provisional 
method. 

Amounts  of  arnyl  alcohol  recovered  by 
additional  washings  (expressed  as  cc 
tenth-normal  alkali). 

Total  yield  by  ad- 
ditional washing. 

Amounts 

obtained. 

Percent- 
age ob- 
tained. 

First. 

Second. 

Third. 

Fourth. 

Amount. 

Per  cent. 

Gram. 
0.05 

Gram. 
f      0.034  'l 

.037 

.035  1        72.0 

.038 

.049   J 
f        .067  h 

•073            fiR.0 

Gram. 

0.100 

0.150 

.067 
.066 
.108 
.107 
.111 

f        .119 
.128 
.123 
.  136 

f        .150 
.146 

1  .. 

1        63. 5 

1         60. 0 

0.200 

0.250 

0.300 

.162    1 

-145    J 

f        .  179  \) 

•}g             RO.7 

0.100 

.184 
.175 
.035 
.089 
.096 
.087 
.090 
.087 
.074 
.070 
.190 
.237 
.239 
.238 
.225 
.294 
.286 
.272 

85.0 
89.0 
96.0 
87.0 
90.0 
87.0 
74.0 
70.0 
95.0 
79.0 
80.0 
79.0 
75.0 
84.0 
81.0 
78.0 

0.7 
.9 
.3 
.8 
2 
.5 
.8 

2.1 
.5 
.5 
.4 
.4 
.8 

1.1 
.4 
.5 

0.2 
.3 
.3 
.3 
.3 
.4 
.6 
.9 
.1 
2 
A 
.1 
.3 
.6 
.8 
.3 

0.3 
.0 
.2 
*2 
'.Z 
.1 
.8 
.3 
.1 
_2 
°2 
.2 
.2 
.3 
.2 
.2 

0.5 
.0 
.0 
.0 
.1 
.1 
.4 
.0 
.0 
.1 
.2 
.2 
.3 
.2 

o.2 
.3 

0.096 
.096 
.103 
.096 
.098 
.097 
.097 
.099 
.196 
.246 
.250 
.246 
.245 
.313 
.303 
.283 

96 

0.100.... 

96 

0.100 

103 

0. 100. . . 

96 

0.100 

98 

0.100.. 

97 

0.100 

97 

0.100 

99 

0.200 

98 

0. 300 

82 

0.300... 

83 

0.300 

82 

0.300 

80 

0. 350 

89 

0.350 

87 

0.350 

81 

78.0 

92 

1 

o  By  the  fifth  washing  0.3  cc  were  obtained. 
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The  curves  plotted  in  fig.  5  3how  the  relationship  between  the  percentage  yields 
of  the  present  provisional  method,  of  the  impractical  prolonged  washing  method,  and 
of  the  proposed  modified  Allen-Marquardt  method.  Only  the  figures  obtained  in 
testing  the  portion  of  the  Allen-Marquardt  method  which  follows  the  beginning  of  the 
oxidation  process  are  represented. 
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Fig.  5.— Comparison  of  three  methods  for  the  determination  of  amyl  alcohol. 

The  curve  shows  that  uniform  results  can  not  be  obtained  by  the  present  provisional 
method,  and  that  if  the  washing  and  distillation  method,  an  impractical  procedure, 
be  adopted,  high  yields  will  probably  only  be  obtained  on  the  low-content  samples. 
The  curve  developed  by  the  runs  on  varying  amounts  of  amyl  alcohol  by  the  pro- 
posed modification  of  the  Allen-Marquardt  method  gives  a  higher  and  more  uniform 
yield  for  all  amounts  and  one  which  approximates  closely  to  100  per  cent.  The  work 
of  developing  this  latter  curve  represents  62  runs  on  varying  amounts  of  amyl  alcohol 
from  0.05  to  0.53  gram,  and  the  manipulation  of  three  analysts. 

The  fact  of  obtaining  a  higher  and  more  uniform  yield  caused  us  to  prepare  and  send 
out  to  18  collaborators,  11  of  whom  reported,  the  samples  described  in  the  report  of  the 
associate  referee  on  distilled  spirits  for  this  year  (see  p.  25).  The  comparison  of  the 
old  and  the  modified  method  and  the  results  of  the  collaborative  work  are  there  pre- 
sented by  the  table  and  curves,  and  distinctly  show  the  advantages  of  the  proposed 
modified  method. 
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DETERMINATION  OF  THE  IODIN  NUMBER  OF  THE  NONVOLATILE 
ETHER  EXTRACT  OF  PAPRIKA. 

By  W.  Denis. 

As  in  this  laboratory  much  difficulty  was  experienced  in  obtaining  concordant  re- 
sults on  determinations  of  the  iodin  number  of  the  nonvolatile  ether  extract  of  pap- 
rika, 8  samples  of  ground  paprika  sent  in  as  suspected  of  being  adulterated  with  olive 
oil,  and  1  sample  composed  of  the  shells  of  Hungarian  paprika  ground  in  the  labora- 
tory were  examined,  various  methods  of  extraction  being  used. 

Method  1. — This  consisted  in  digesting  10  grams  of  paprika  over  night  with  100  cc 
of  ordinary  ether  in  a  stoppered  flask.  The  next  morning  all  ether  was  decanted  off 
through  a  double  filter  and  the  residue  thoroughly  washed  with  200  cc  more  ether. 
The  ether  was  then  distilled  off  and  the  residue  dried  to  constant  weight  at  100°  C. 
and  calculated  as  nonvolatile  ether  extract,  the  iodin  number  of  the  same  being 
determined  on  portions  of  this  residue  by  the  official  method,  using  the  Hanus  solution. 

Method 2.  —Manipulation  the  same  as  in  method  1  except  that  petroleum  ether  B.  P. 
50-60°  was  substituted  for  sulphuric  ether. 

Method  3. — The  official  method  for  the  determination  of  nonvolatile  ether  extract 
in  spices  as  given  in  Bulletin  107. 

Method  4- — The  Doolittle-Ogden  method  of  extraction  with  cold  anhydrous  ether. a 

All  four  of  the  above  methods  proved  unsatisfactory.  Methods  1  and  2  were  at 
once  discarded  because  it  was  found  after  repeated  trials  to  be  absolutely  impossible 
by  these  methods  to  obtain  portions  of  identical  composition  from  one  lot  of  ether 
extract,  due  to  the  fact  that  on  standing  for  a  few  minutes  at  100°  in  the  water  oven 
several  drops  of  a  colorless  oil  appeared  on  the  sides  of  the  container,  while  on  standing 
at  room  temperature  needle-shaped  crystals,  which  on  microscopic  examination  proved 
to  be  crystals  of  fat,  were  seen  in  the  deep  red  residue.  It  was  also  frequently  found 
that  in  spite  of  careful  filtration  minute  quantities  of  some  body  difficultly  soluble  in 
chloroform  were  present  in  the  extract,  thus  further  interfering  with  the  accuracy 
of  the  results. 

By  the  official  method  also  it  was  found  difficult  to  obtain  duplicate  results,  appar- 
ently due  to  the  fact  that  a  drying  oil  is  present  in  the  extract  which  may  oxidize 
to  varying  degrees  depending  on  slight  differences  in  manipulation  during  the  long 
period  of  extraction.  By  the  Doolittle-Ogden  method  some  difficulty,  although  not 
so  much  as  with  the  three  preceding  methods,  was  experienced  in  obtaining  good 
duplicate  determinations  of  the  iodin  number;  and  in  addition  this  method  has  the 
disadvantage  of  allowing  only  one  determination  of  the  iodin  number  to  be  made 
on  the  product  of  a  single  extraction.  The  following  modification  of  the  Doolittle- 
Ogden  method  was  finally  devised,  and  so  far  has  given  satisfactory  results,  giving 
duplicates  on  iodin  number  determinations  agreeing  to  within  0.2  per  cent. 

Method  No.  5. — Ten  grams  of  paprika  spread  in  a  thin  layer  on  a  flat-bottomed  dish 
are  dried  for  two  hours  in  a  vacuum  oven  at  60°  and  25  mm.  The  material  is  then 
transferred  to  a  double  filter  and  washed  with  300  cc  of  cold  anhydrous  alcohol-free 
ether.  After  distilling  off  the  ether  the  residue  is  taken  up  with  fresh  ether  and 
filtered  into  a  small  tared  beaker,  the  filter  paper  being  carefully  washed  with  ether 
to  remove  all  trace  of  oil.  After  again  evaporating  off  the  ether  the  residue  is  dried 
to  constant  weight  at  100°.  After  the  final  weighing  the  residue  is  washed  with 
chloroform  into  a  100  cc  flask  and  made  up  to  volume  with  this  liquid.  Determina- 
tions of  the  iodin  number  are  made  on  10  cc  portions  of  this  solution,  thus  making 
possible  several  duplicate  determinations  on  the  residue  obtained  in  a  sample  extrac- 
tion. 


a  J.  Anier.  Chem.  Soc.  1908,  30:  1481. 


214 

The  following  points  are  noted  as  having  been  brought  out  by  ihe  limited  data 
obtained: 

(1)  Any  method  in  which  portions  of  the  extract  are  poured  off  into  shell  vials,  etc., 
for  the  determination  of  the  iodin  number,  as  is  customary  in  the  determination  of 
this  constant  with  oils  and  fats,  should  be  avoided,  for  as  before  stated  it  is  absolutely 
impossible  by  this  method  to  obtain  two  portions  of  identical  composition. 

(2)  Iodin  numbers  determined  on  the  nonvolatile  ether  extract  of  paprika,  which 
by  the  high  value  of  this  constant  would  appear  not  to  be  adulterated  with  olive  oil, 
are  found  when  made  on  the  product  obtained  by  the  official  method  of  extraction 
to  be  considerably  lower  than  those  obtained  on  the  product  produced  by  extraction 
with  cold  solvents,  indicating  perhaps  the  presence  of  drying  oils;  while,  as  is  to  be 
expected,  the  percentage  of  nonvolatile  ether  extract  is  lower.  On  the  other  hand, 
with  commercial  paprikas  adulterated  with  olive  oil  the  difference  between  the  iodin 
numbers  obtained  by  the  two  methods  of  extraction  is  not  so  marked.  Extraction 
with  cold  petroleum  ether,  boiling  point  50°-60°  gives  a  nonvolatile  extract  about 
1  per  cent  lower  than  is  obtained  by  the  use  of  an  equal  volume  of  sulphuric  ether 
under  identical  conditions.  In  the  following  table  samples  Xos.  1  to  8  are  commer- 
cial paprikas  sent  in  on  suspicion  of  adulteration  with  olive  oil  while  Xo.  9  is  a  pure 
product  prepared  by  grinding  the  shells  of  Hungarian  paprika. 

Comparison  of  methods  for  determination  of  iodin  number  and  nonvolatile  ether  extract. 


No. 

Iodin  number. 

Nonvolatile  ether  extract. 

Official 
method. 

Method 

Xo.  5. 

Official 
method. 

Method      Method 
No.  5.         No.  1. 

Method 
No.  2. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

127.1 
121.6 
108  0 
124  4 
107.7 
109.0 
107.3 

139.0 
127.3 
113.6 
130.2 
113.3 
114.5 
114.4 
130.3 
139.0 

Per  cent. 
15.8 
17.5 
21.3 
15.8 
21.75 
20.1 
20.6 

Percent.   Percent. 
9.64          11.99 
12.  29           13.  84 
15. 14           16.  76 
11.52           13.21 
17.  00           18.  73 
15.74           17.38 
15.63           17.28 
13. 66      

Per  cent. 
11.07 
12.98 

12.57 
17.97 
16.54 
16.36 

127.0 

5.04 

2.  S4      

DETERMINATION   OF  STARCH  IN   COCOA   PRODUCTS. 


By  W.  L.  Dubois. 

The  provisional  method  for  the  determination  of  starch  in  cocoa  and  cocoa  product- 
requires  grinding  of  the  sample  in  a  mortar  repeatedly  with  ether  and  pouring  the 
solution  through  filter  paper  each  time  until  the  fat  is  extracted.  With  sweetened 
material  the  fat-free  residue  is  then  rubbed  in  a  mortar  to  a  paste  with  water  and 
filtered  on  the  same  paper,  the  process  being  repeated  until  all  the  sugar  is  removed, 
which  requires  about  500  cc  of  water.  This  process  is  a  very  Blow  and  tedioue 
The  manipulation  of  the  sample  in  the  mortar  with  ether  both  in  the  grinding  and 
subsequent  pouring  requires  extreme  care  to  prevent  loss.  The  filtration  in  many 
i-  very  slow  and  with  sweetened  samples  11  often  takes  two  days  to  wash  with 
500  cc  of  water.  In  order  to  overcome  this  objection  the  following  procedure  was  tried: 
Four  grama  of  the  unsweetened  sample  or  8  grams  of  the  sweetened  goods  are  shaken 
with  KM)  CC  of  gasoline  in  an  ordinary  S-ounce,  ,-hort  neck,  nursing  bottle  until  the 
material  ie  completely  disintegrated;  the  bottle  Is  whirled  in  a  centrifuge  until  the 
supernatant  Liquid  is  clear  and  the  gasoline  drawn  off  with  a  small  tube  attached  to 
vacuum  pump  and  the  process  repeated.    This  procedure  removes  practically  all  the 
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fat  and  prepares  the  sample  for  the  next  operation.  In  case  of  unsweetened  material 
this  merely  consists  in  washing  the  same  into  a  500  cc  Erlenmeyer  flask  with  200  cc  of 
water  and  proceeding  with  the  hydrolizing  and  determination  of  starch  as  directed 
in  the  provisional  method.  With  the  sweetened  goods  after  the  extraction  of  fat  with 
gasoline  100  cc  of  water  are  added  to  the  residue  and  the  bottle  shaken  thoroughly  and 
whirled  in  the  centrifugal  machine.  If  the  speed  of  the  machine  be  sufficiently  high 
a  clear  water  solution  may  be  obtained,  although  as  a  rule  a  thin  layer  of  chocolate 
will  float  on  the  top.  A  small  pipette  may  be  passed  through  this  layer  into  the  water 
solution  and  the  same  withdrawn  from  the  bottom.  Where  such  high  speed  can  not 
be  obtained,  however,  it  is  necessary  to  pass  the  water  solution  through  filter  paper  to 
remove  the  suspended  particles.  The  process  is  repeated  and  the  residue  transferred 
to  the  filter  paper  and  washed  with  sufficient  water  to  make  a  filtrate  of  500  cc.  This 
process  requires  a  very  much  shorter  time  than  that  outlined  by  the  provisional 
method. 

From  the  table  it  will  be  seen  that  the  extraction  of  fat  and  sugar  is  apparently  com- 
plete, the  results  where  comparisons  were  made  with  the  provisional  method  being 
slightly  higher  than  those  obtained  by  that  method,  duplicates  agreeing  fairly  well. 

Comparison  of  methods  for  the  determination  of  starch  in  cocoa  products. 


Sample. 

Modified 
method. 

Pro- 
visional 
method. 

Sample. 

Modified 
method. 

Pro- 
visional 
method. 

Per  cent. 
J       13. 05 
\       12. 08 
1      11.81 
\      12. 41 
/      13.15 
1      13.  G4 

Per  cent. 

\        10.77 

}        11.38 

12.50 
12.90 

Per  cent. 
(      13. 33 
\      12. 79 
/        8.07 
\        8.22 
1        8.51 
\     Lost. 

Per  cent. 
12.42 

12.32 
7.42 

7.69 

7.80 

7.40 

MONDAY— AFTERNOON  SESSION. 


EXAMINATION   OF  OYSTERS. 


By  W.  D.  Bigelow. 

There  has  long  been  a  practice  among  those  shipping  oysters  in  the  shell  to  place 
them  for  a  day  or  two  in  a  stream  or  fresh  or  brackish  water.  This  process  is  com- 
mercially termed  "drinking,"  and  is  practiced  for  the  purpose  of  plumping  the 
oysters.  It  is  stated  that  at  the  beginning  of  the  ebb  tide  the  oysters  open  their  shells 
and  "drink."  What  really  happens  is  that  the  fresher  water  diffuses  into  the  oysters 
by  osmosis  and  gives  them  a  fictitious  appearance  of  plumpness. 

This  practice  of  "drinking"  oysters  in  the  shell  has  been  largely  discontinued. 
Practically  the  same  thing  is  accomplished,  however,  by  soaking  them  for  a  consider- 
able time  in  fresh  water  after  their  removal  from  the  shell.  As  the  purity  of  the  water 
can  be  better  controlled  by  this  means,  it  is  to  be  preferred  to  the  older  process  of 
"drinking"  the  oyster  before  shucking.  In  either  case,  the  plumping  of  the  oysters 
is  stated  by  shippers  to  be  for  the  purpose  of  improving  the  product.  This  improve- 
ment, however,  is  entirely  fictitious,  the  increased  plumpness  being  due  merely  to  the 
addition  of  water  which  is  given  off  on  cooking. 

It  is  believed  that  the  unnecessary  addition  of  water  to  oysters,  either  directly  or  by 
means  of  ice,  is  objectionable  on  two  grounds:  First,  it  produces  a  fictitious  appear- 
ance of  plumpness;  and,  second,  the  weight  of  the  oysters  is  increased  by  a  substance 
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which  does  not  add  to  their  nutritive  value;  that  is,  a  substance  (water)  is  mixed  with 
them  in  such  a  manner  as  to  reduce  their  quality  or  strength. 

When  the  oyster  is  removed  from  the  bed  by  dredging  or  tonging,  the  inside  of  the 
shell  contains  a  considerable  amount  of  dirt  and  sand.  In  order  to  remove  this  the 
oysters  are  sometimes  placed  on  floats  at  some  convenient  place  in  the  salt  water. 
Here,  probably  at  the  beginning  of  the  ebb  tide,  they  open  their  shells  and  "drink." 
Since  the  water  in  which  they  are  placed  is  at  the  same  concentration  as  that  of  the 
bed,  however,  there  is  no  plumping  or  other  change  in  their  appearance  except  that 
during  this  process  they  appear  to  blow  the  dirt  and  sand  from  the  shell  and  if  the  water 
be  clean  the  oyster  is  fairly  clean.  They  are  then  taken  to  the  oyster  house,  shucked, 
and  washed  to  remove  the  slime  with  which  they  are  covered.  It  is  said  by  shippers 
that  this  slime  will  rapidly  produce  decomposition  and  must  be  removed  before  the 
oysters  are  shipped.  This  washing,  however,  should  not  be  prolonged  more  than  is 
absolutely  necessary  for  proper  cleansing. 

During  the  last  season  a  study  was  made  of  the  oysters  in  various  parts  of  the  country 
in  order  to  secure  data,  if  possible,  by  which  oysters  that  had  been  properly  treated 
might  be  distinguished  from  those  which  had  been  treated  with  an  excessive  amount 
of  water.  Seventy  samples  of  oysters  were  taken  from  beds  in  various  sections  of  the 
seacoast  of  the  United  States  and  sent  to  the  laboratory  without  any  treatment  what- 
ever. Other  samples  from  the  same  beds  were  merely  washed  with  water  for  a  suffi- 
cient time  to  remove  sand  and  dirt;  while  still  other  samples  were  soaked  in  water  for 
a  length  of  time  varying  from  one  hour  to  twenty-four  hours. 

"When  the  samples  arrived  at  the  laboratory  they  were  examined  as  follows:  First, 
the  total  weight  was  taken,  then  the  sample  was  strained  through  a  colander  and  the 
solid  meats  and  liquors  weighed  separately.  Fifty  grams  of  the  oysters  were  then 
placed  in  a  beaker  with  200  cc  of  cold  water  and  the  whole  heated  in  such  a  manner 
that  the  water  was  brought  to  the  boiling  point  in  about  fifteen  minutes.  The  boiling 
was  continued  for  fifteen  minutes,  when  the  water  was  poured  off  as  completely  as 
possible,  the  oysters  were  cooled  five  minutes  and  weighed.  From  the  figure  thus 
obtained  the  per  cent  loss  on  boiling  was  determined.  It  was  found  that  by  con- 
tinuing the  boiling  for  a  longer  period  than  fifteen  minutes  the  results  were  not  greatly 
increased. 

Another  portion  of  the  solid  meats  was  passed  through  a  meat  chopper  and  the  total 
solids,  ash,  and  sodium  chlorid  determined  in  the  usual  way.  The  percentages  of 
total  solids  and  ash  and  sometimes  of  sodium  chlorid  were  also  determined  in  the 
liquor.  From  the  figures  obtained  by  the  examination  of  the  solid  meats  and  liquors, 
together  with  their  respective  weights,  the  per  cent  of  total  solids  in  the  original 
sample  was  calculated.  In  the  majority  of  cases  samples  of  the  salt  water  were  taken 
from  the  respective  oyster  beds  and  their  content  of  sodium  chlorid  determined. 


SIMPLE  TESTS  FOR  DETECTING  BLEACHING  IN   FLOUR. 

By  A.  L.  WlNTON  and  E.  J.  Shanley. 

The  Griess-Ilosvay  method  for  determining  nitrites,"  originally  designed  for  water 
analysis,  is  generally  recognized  as  the  best  means  of  delecting  artificial  bleaching  in 
flour.  Commercial  unbleached  flour  contains  no  appreciable  amounl  of  nitrous  acid. 
free  or  combined,  while  that  bleached  with  nitrogen  peroxid  contains  amounts  increas- 
ing with  the  degree  of  bleaching.  The  quantitative  process  of  determining  nitrous 
acid,  although  not,  a  tedious  one,  is,  however,  unnecessarily  laborious  when  only 
qualitative  results  are  desired.  It  involves  the  preparation  of  a  standard  nitrite 
solution  and  comparison  of  the  intensity  of  the  color  produced  in  this  solution  with 

"Sutton:   Volumetric  Analysis,  9th  ed.,   L904,  p,  449. 
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that  produced  in  the  water  extract  of  the  sample  in  question,  all  of  which  can  be 
dispensed  with  when  the  purpose  is  merely  to  learn  whether  or  not  the  flour  is  bleached 
and  whether  the  bleaching  is  light,  moderate,  or  excessive.  There  has  also  been  a 
demand  not  only  for  a  simple  and  rapid  method  for  detecting  bleaching  in  the 
laboratory,  but  also  for  one  which  flour  buyers,  bakers,  and  consumers  can  carry  out 
without  special  training  and  with  simple  apparatus. 

The  tests  here  described  are,  first,  a  simplification  of  the  Griess-Ilosvay  method  and, 
second,  a  confirmatory  test  based  on  the  observations  of  Alway  °  and  others  that  the 
petroleum  ether  solution  of  unbleached  flour  is  yellow,  while  that  of  bleached  flour, 
if  not  excessively  overbleached,  is  nearly  colorless.  The  Griess-Ilosvay  test  is  the 
more  reliable,  but  the  gasoline  test,  which  depends  on  an  entirely  different  principle, 
namely,  the  nature  of  the  coloring  matter  of  the  fat,  is  useful  for  confirmation.  A 
description  of  the  tests  in  popular  language  follows: 

I.    GRIESS-ILOSVAY   METHOD. 

Place  a  heaping  teaspoonful  (10  grams)  of  the  flour  to  be  examined  in  a  wide- 
mouthed,  glass-stoppered  4-ounce  bottle.  Nearly  fill  with  distilled  water,  or  tap 
water  free  from  an  appreciable  amount  of  nitrites,  and  add  a  teaspoonful  (4  cc)  of  the 
test  solution  prepared  as  directed  below,  measured  with  a  glass  spoon.  Cork  the 
bottle  and  shake  vigorously  for  a  few  minutes,  then  allow  to  settle  for  from  fifteen  to 
twenty  minutes. 

Under  the  above  conditions  bleached  flour  will  impart  to  the  liquid  a  color  ranging 
from  a  light  pink  to  a  deep  red,  depending  on  the  degree  of  bleaching.  With  un- 
bleached flour  the  liquid  is  not  colored  a  red  tint,  provided  water  free  from  nitrites  is 
used.  Always  run,  for  comparison,  a  parallel  test  with  a  sample  of  unbleached  flour, 
so  that  allowance  can  be  made  for  any  nitrites  in  the  water. 

Test  solution. — 1.  Dissolve  0.5  gram  of  sulphanilic  acid  in  150  cc  of  dilute  acetic  acid 
(about  20  per  cent).     Keep  well  stoppered. 

2.  Dissolve  0.2  gram  of  alpha-naphthylamin  hydrochlorid  in  20  cc  of  strong  acetic 
acid  (glacial),  and  add  130  cc  of  dilute  acetic  acid  (20  per  cent).     Keep  well  stoppered. 

Mix  1  and  2  for  use.  The  mrxed  reagent  keeps  for  several  weeks,  and  possibly 
much  longer. 

II.    GASOLINE    METHOD. 

Place  two  heaping  teaspoonfuls  (20  grams)  of  the  flour  in  a  wide-mouthed,  glass- 
stoppered  4-ounce  bottle,  add  sufficient  gasoline  to  nearly  fill  the  bottle,  shake,  and 
allow  to  settle.  If  the  flour  is  unbleached,  the  gasoline  will  become  distinctly  yellow; 
if  bleached,  it  will  remain  nearly  colorless.  Conduct  a  parallel  test  on  unbleached 
flour  for  comparison. 


A  MODIFICATION  OF  THE  BAMIHL  TEST  FOR  DETECTING  WHEAT 
FLOUR  IN  RYE  FLOUR. 

By  A.  L.  Winton. 

This  test  depends  on  the  presence  of  gluten  in  wheat  flour  and  its  absence  in  con- 
siderable amounts  in  rye  and  other  flours.  The  original  test,  devised  in  1852  by 
Bamihl,b  a  Prussian  customs  official,  consists  in  rubbing  up  a  small  amount  of  flour 
with  water  on  a  microscopic  slide  by  means  of  a  cover  glass  and  noting  under  the  mi- 
croscope whether  or  not  gluten  strings  or  rolls  are  formed.  The  objections  to  the  test 
in  its  original  form  are  that  the  microscope  reveals  the  presence  of  traces  of  gluten  in 
pure  rye  flour  and  under  the  microscope  it  is  not  possible  to  compare  at  a  glance  the 
amount  found  in  pure  rye  flour  with  that  from  a  suspected  sample. 

The  writer's  modification  of  the  test  consists  in  employing  a  dilute  solution  of  eosin 
in  place  of  water  and  dispensing  with  the  microscope  entirely.     The  gluten  greedily 

<*Nebraska  Agr.  Exp.  Sta.,  Bui.  102. 

bPoggendorff,  Annalen  Physik  Chemie,  1852,  85;  161. 
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absorbs  the  dye,  and  on  a  white  background  becomes  very  conspicuous  because  of  its 
beautiful  pink  color.     A  description  of  the  procedure  follows: 

Place  side  by  side  on  a  microscopic  slide  1.5  mg  of  the  flour  and  a  drop  of  water 
containing  0.2  gram  of  eosin  in  1,000  cc.  Allow  the  slide  to  rest  on  a  sheet  of  white 
paper,  and  carefully  mix  the  flour  with  the  liquid  by  means  of  a  cover  glass,  held 
between  the  thumb  and  finger  in  such  a  manner  that  it  is  raised  slightly  above  the 
slide,  taking  care  that  none  of  the  flour  escapes  from  beneath  it.     Finally,  allow  the 


Fig.  G.— Bamihl  gluten  test  (X4):  1,  Pure  rye  flour  showing  only  trace  of  gluten:  'J.  a  mixture  of  60 
per  cent  rye  and  40  per  cent  wheat;  3,  pure  wheat  flour  showing  gluten  masses. 

cover  glass  to  rest  on  the  slide  and  rub  it  back  and  forth  until  the  gluten,  if  present. 
forms  into  rolls  or  masses.  Conduct  parallel  tests  for  comparison  on  pure  wheat  and 
pine  rye  (lour.  Proceeding  in  this  manner,  wheat  flour  yields  an  abundance  of  gluten, 
which  is  stained  a  beautiful  pink  color  by  the  eosin,  whereas  rye  flour  yields  none,  or 
else  only  traces  which  are  scarcely  visible  to  the  naked  eye.  Mixtures  o\  rye  and 
wheat  Hour  yield  variable  quantities  of  gluten,  depending  upon  the  proportion  of  the 
two  flours  and  their  source. 

In  testing  graham  flour,  buckwheat  (lour,  and  other  cereal  products  containing 
considerable  quantities pf  bran  tise  lee  or  coarse  lumps  of  any  kind,  the  (lour  should 
be  sifted  through  a  holt  ing  cloth  before  applying  the  test.    The  bolting  is  conveniently 
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carried  out  by  placing  a  small  quantity  of  flour  in  a  beaker,  covering  the  top  with  the 
bolting  cloth  held  in  place  by  means  of  a  rubber  band,  inverting  and  shaking.  Oper- 
ating on  the  sifted  material,  as  little  as  5  per  cent  of  wheat  flour  in  buckwheat  flour 
may  be  detected.  In  pure  buckwheat  flour  I  have  never  obtained  a  visible  amount 
of  gluten. 

Figure  6,  reproduced  from  photographs  made  by  Mr.  B.  J.  Howard,  Chief  of  the 
Microchemical  Laboratory,  Bureau  of  Chemistry,  shows  the  gluten  obtained  by  this 
test  in  pure  rye  flour,  a  mixture  of  GO  per  cent  rye  flour  and  40  per  cent  wheat  flour, 
and  pure  wheat  flour,  magnified  4  diameters.  As  has  been  stated,  in  practical  work 
no  magnification  whatever  is  necessary  to  bring  out  the  gluten  strings  or  masses. 

MOISTURE  DETERMINATIONS  WITHOUT    THE  AID  OF  HEAT. 
By  P.  F.  Trowbridge. 

For  more  than  a  year  at  the  Missouri  experiment  station  the  moisture  determina- 
tions on  meats  have  been  made  without  the  aid  of  heat,  by  drying  in  vacuum  over 
sulphuric  acid.  At  first  the  ordinary  brass  filter  pump  was  used  for  obtaining  a 
vacuum,  aided  by  the  use  of  about  10  cc  of  ether  (Benedict  method).  A  vacuum  of 
1  or  2  mm  is  easily  obtained  with  good  water  pressure,  but  in  warm  weather  many  of 
the  samples  would  show  some  putrefaction  before  desiccation  was  complete  enough 
to  check  decomposition.  It  was  noted  that  the  water  formed  with  the  acid  an  upper 
layer,  which  generated  considerable  heat  when  mixed  by  rotation.  This  suggested 
the  frequent  agitation  of  the  sulphuric  acid  in  the  bottom  of  the  desiccators,  with 
the  result  that  twelve  hours  was  sufficient  to  dry  fresh  meat  samples  so  that  they 
would  not  putrefy.  Having  considerable  difficulty  with  the  water  pressure,  a  Geryk 
duplex  vacuum  pump  was  procured,  and  without  the  aid  of  ether  a  vacuum  of  less  than 
1  mm  was  secured  in  two  or  three  minutes. 

Substances  such  as  brain  and  liver  gave  much  trouble  by  frothing  out  of  the  mois- 
ture tubes  as  the  air  was  being  exhausted,  but  the  difficulty  was  obviated  by  freezing 
these  samples  after  they  were  weighed.  Similarly,  cold-water  extracts  of  beef  were 
frozen  and  evaporated  to  dryness  in  the  vacuum  without  ever  thawing,  leaving  the 
dry  substance  as  a  web-like  mass  the  full  size  of  the  original  frozen  extract. 

The  moisture-free  samples  are  used  for  determination  of  the  ether-soluble  material. 
Lean  meats  dry  down  to  a  very  hard,  horn-like  mass,  so  that  it  is  necessary  to  grind 
them  and  make  a  second  extraction  in  order  to  obtain  all  of  the  ether-soluble  material. 
In  order  to  avoid  this  difficulty,  the  meat  samples  are  mixed  with  ignited  sand,  and 
such  good  results  are  obtained  that  a  description  of  the  method  may  be  of  interest. 

For  the  moisture  and  fat  tubes  use  either  the  S.  &  S.  extraction  shells  or  the  glass 
tubes  with  filter-paper  bottoms.  Fill  the  tube  about  one-third  full  of  ignited  sea  sand 
and  then  stuff  in  a  liberal  amount  of  fat-free  cotton.  Dry  the  tubes  thus  prepared  (they 
should  be  numbered)  for  several  hours  in  the  oven  at  103°  C,  and  place  in  a  vacuum 
for  a  few  hours  before  weighing.  Weigh  in  a  glass-stoppered  weighing  bottle  and 
record  the  weight  of  the  tube  and  bottle  consecutively.  This  weighing  is  done  in 
advance  of  a  slaughtering  experiment,  and  several  hundred  tubes  are  prepared. 

Place  the  finely  ground  and  thoroughly  mixed  samples  of  meats  in  weighing  bottles 
provided  with  short  aluminum  scoops  (a  heavy  piece  of  stirring  rod  will  do),  and  weigh 
by  difference,  using  from  5  to  10  grams  for  a  sample.  Remove  the  cotton  from  one  of 
the  tared  tubes,  placing  it  on  the  side  of  a  flat  shallow  porcelain  dish,  and  carefully 
pour  out  the  sand  into  the  dish.  Place  the  sample  of  the  meat  upon  the  sand  and  mix, 
using  a  spatula  and  a  stirring  rod.  When  the  sand  and  sample  are  thoroughly  mixed, 
transfer  the  mass  to  the  tube,  using  the  cotton  to  wipe  all  traces  from  the  dish,  the 
spatula,  and  the  stirring  rod.  Loss  of  any  particles  of  sand  is  prevented  by  working 
over  black  glazed  paper.  The  last  of  the  unused  cotton  is  placed  in  the  top  oif  the  tube 
as  a  plug. 

Make  the  determinations  in  triplicate  and  place  them  in  separate  desiccators.  (We 
use  a  good  6-inch  vacuum  desiccator.  Larger  desiccators  were  tried,  but  several  of 
them  broke,  owing  to  the  high  pressure.)  Wire-gauze  baskets  are  used,  which  set  on 
the  porcelain  desiccator  plate.  In  this  basket  from  eight  to  twelve  tubes  can  be 
placed.    The  desiccator  covers  and  stopcocks  must  be  well  ground  and  a  lubricant 
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used  which  will  hold  and  yet  permit  the  easy  removal  of  the  cover.  A  mixture  of 
3  parts  paraffin  (hard)  and  5  parts  vaselin  is  satisfactory.  These  are  melted  together 
and  then  cooled  slowly,  with  continual  stirring.  If  the  work  is  to  be  done  during 
continued  cold  weather  a  little  more  vaselin  may  be  used,  or  in  summer  a  little  more 
paraffin.  The  addition  of  rubber  or  Venice  turpentine  to  the  lubricant  has  been  dis- 
continued on  account  of  the  difficulty  in  removing  the  covers. 

After  the  tilled  desiccators  have  been  exhausted,  rotate  them  carefully  every  three 
or  four  hours  to  mix  thoroughly  the  acid  and  the  water  which  has  been  absorbed  into 
the  upper  portions.  Care  must  be  used  not  to  spatter  the  acid  upon  the  tubes.  At 
the  end  of  twenty-four  to  forty-eight  hours,  as  is  convenient,  allow  air  to  bubble  slowly 
through  concentrated  sulphuric  acid  into  the  desiccator  and  transfer  the  tubes  to  a 
desiccator  provided  with  fresh  acid.  Chemically  pure  sulphuric  acid  must  be  used, 
as  the  commercial  acid  discolors  the  samples. 

Exhaust  the  freshly  filled  desiccators  and  hold  for  another  twenty-four  to  forty-eight 
hours,  as  is  convenient.  During  this  interval  mix  the  acid  three  or  four  times.  Next 
weigh  the  tubes  and  place  them  in  a  vacuum  again  for  twelve  hours  or  longer  and 
again  weigh,  to  prove  that  the  drying  is  complete.  If  any  of  the  tubes  do  not  show 
constant  weight  they  are  placed  in  vacuum  again  with  fresh  acid.  The  acid  employed 
for  the  first  drying  is  used  for  commeroial  acid;  that  with  which  the  drying  is  com- 
pleted is  used  as  the  first  acid  with  fresh  samples. 

With  blood  the  freshly  drawn  sample  is  rapidly  poured  into  tared  tubes  filled  with 
fat-free  cotton,  each  tube  being  placed  in  a  tared  weighing  bottle.  The  tube  and 
stoppered  bottle  are  weighed  to  get  the  weight  of  the  sample,  and  the  moisture  is 
obtained  as  with  meat  samples. 

We  have  demonstrated  that  this  method  is  capable  of  practical  application  to 
agricultural  analyses  in  general,  and  is  especially  to  be  recommended  where  a  determi- 
nation of  the  fat  or  ether-soluble  constituents  is  to  be  made.  The  most  marked 
differences  have  been  noted  in  fat  determinations  upon  samples  of  fresh  bone  (skeleton 
of  beefV  When  heat  has  been  used  in  drying  the  samples  by  the  official  method  the 
extracted  fats  are  frequently  very  dark  colored.  By  using  the  vacuum  method  with- 
out heat  the  extracted  fat  is  almost  snow  white.  This  method  has  been  compared 
with  the  regular  official  method  upon  numerous  other  samples,  as  butter,  milk,  soil, 
feed  stuffs,  honey,  soap,  etc.  A  few  results  are  given  in  the  following  tables  illustrat- 
ing several  phases  of  the  work. 

Moisture  determinations  on  various  animal  substances  by  vacuum  method  uithout  heat. 


Sample. 

Results  in  triplicate. 

Sample. 

Results  in  triplicate. 

(1) 

(2) 

(3) 

(1)               (2) 

(3) 

Blood 

Do 

Per  cent. 
79.23 
82.29 
68.77 
68.82 

Per  cent.     Per  cent. 
79.  25             79. 55 

82.73  :          82.83 

68.74  68.96 
68.  82            68. 41  i 

Round  lean 

Percent.    Percent. 

72.67          73.22 

5.52             5.51 

8.96           8.74 

Ptr  cmt. 
72.61 

."..  42 

Do 

Offal  fat 

Do 

12.51          12.29 

Moisture  determinations  on  blood  by  vacuum  method  without  heat. 
[Using  absorbent  cotton  and  showing  effect  of  second  drying  in  the  vacuum.] 


Weight  of 

sample. 

Weighl  of 
sample, 
tube,  and 
weighing 

bottle. 

First  dry 
weight. 

Second  dry 
weight. 

Loss  in 
weight 
second 

time  in 
vacuum. 

Total  loss 
in  mois- 
ture. 

Moisture. 

Gr<i 
ft  1340 
3.7002 
ti.  3934 

WW. 
46.  3238 
43.  3378 
44.0746 
44,6126 

drams. 
41.  1026 
40.3335 
g  3884 
40  to  ■". 

drums. 
41.0984 
4a  3324 

3S.NXM 
■Hi.  L68fi 

Grams. 
0.0041 

.(Mill 

.0024 

.0010 

Grams. 
:,  2254 
3.0054 
:,.  1886 

P<r  ant. 
81.216 

81.  223 

81.  158 
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Moisture  determinations  on  a  sample  of  liver,  vacuum  method  without  mixing  with  sand, 
showing  gradual  loss  of  moisture. 
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6.9118 

45.  5373 

40.7115 

40.  6977 

0.0138 

40.  6875 

0.0102 

40.  6845  0. 0030 

4.  8528 

70.  210 

7. 1317 
8.0140 

45.  4085 
40. 1308 

40.  4024 
40.  5903 

40.  3888 
40.  5435 

0136 

40.  3850 
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5.  0235 
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.0240 
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0. 0051 

5.  6298 

70.  250 

Comparison  of  moisture  determinations  made  by  the  vacuum  method  with  those  made  by 

the  official  method. 


Sampk 


By  vacuum 
method. 


By  official 
method. 


Wheat  stubble,  air  dry 

Soil,  air  dry 

Corn  chop,  air  dry  a . . . 

Butter^ 

Cheese 

Milk  b 


Per  cent. 
6.565 
2.39 
13.54 
16.34 
32.96 
86.68 


Per  cent. 
6.525 
2.40 
13.57 
16.32 
32.97 
86.62 


Per  cent. 
6.975 
1.95 
13.36 
16.61 
33.44 
86.71 


Per  cent. 
6.945 
1.83 
12.88 
16.48 
33.25 
86.76 


a  The  corn  chop  was  placed  in  vacuum  a  fourth  time  before  it  ceased  to  lose  in  weight. 
b  The  milk  and  butter  were  mixed  with  sand  and  were  dry  by  the  vacuum  method  at  the  end  of  twelve 
hours. 

THE  UNIFICATION   OF  SACCHARIMETRIC  OBSERVATIONS. 

By  C.  A.  Browne. 

In  an  article  upon  the  Control  of  Saccharimeters  by  Otto  Schonrock,®  it  is  shown 
that  "the  differences  in  rotation  for  sugar  solutions  disappear  for  different  observers 
and  different  sources  of  white  light  only  when  the  light  is  filtered  through  a  1.5  cm 
column  of  6  per  cent  potassium  bichromate  solution  in  water. ' '  On  the  basis  of  these 
observations  Schonrock  recommends  that  the  use  of  this  light  filter  be  adopted  in 
defining  the  100  point  of  the  Ventzke  scale.  This  recommendation,  which  has  been 
followed  by  the  Imperial  Reichs  Anstalt  of  Germany  and  the  U.  S.  Bureau  of 
Standards,  seems,  however,  to  be  more  or  less  disregarded  by  many  chemists  who  work 
with  saccharimeters. 

The  methods  of  the  Association  of  Official  Agricultural  Chemists  say  nothing  as  to 
the  use  of  potassium  bichromate  solution  in  saccharimeters,  it  being  deemed  perhaps 
a  necessity  too  well  known  to  require  mention.  We  know,  however,  of  chemists 
purchasing  saccharimeters  and  using  them  for  years  blissfully  ignorant  of  the  presence 
of  the  empty  cell  in  the  end  of  their  instruments  or  of  the  purpose  for  which  the  cell 
was  intended  to  be  used.  Their  mistake,  which  is  due  usually  to  inability  to  read 
the  German  directions  which  accompany  the  instrument,  is  perhaps  pardonable. 
Less  pardonable  is  the  attitude  of  those  chemists  who,  knowing  of  the  cell  and  the 
purposes  of  its  use,  yet  wilfully  neglect  it.  One  very  common  and  most  fallacious 
argument  advanced  against  using  the  cell  is  that  standardized  quartz  plates  polarize 
correctly  without  it  and  that  its  use  is  therefore  wholly  unnecessary.  Another  reason 
given  is  that  the  bichromate  renders  the  polarization  of  dark  colored  solutions  so 
difficult  that  it  is  more  convenient  to  eliminate  it  altogether. 


<*Zts.  Ver.  d.  Zuckerind.,  41:  521-58. 
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The  directions  of  instrument  makers  as  to  the  use  of  bichromate  and  the  strength  of 
solution  to  be  employed  are  not  at  all  explicit.  One  maker  directs  merely  that  the 
bichromate  cell  must  always  be  filled  with  bichromate  solution,  which,  however,  can 
be  more  or  less  concentrated,  according  to  the  character  of  the  liquid  under  examina- 
tion. 

The  purpose  of  the  bichromate  solution  insaccharimetric  work  is,  of  course,  to  correct 
the  difference  in  rotation  dispersion  between  cane  sugar  and  quartz.  The  rays  of 
light  in  the  blue  and  violet  which  cause  the  greatest  amount  of  rotation  dispersion  are 
absorbed  by  the  bichromate.  To  gain  more  exact  information  as  to  the  effect  of  elim- 
inating the  bichromate  solution  in  the  polarization  of  raw  sugars  I  have  recently  com- 
pared the  absorption  spectra  of  bichromate  solution  with  those  of  different  clarified 
sugar  solutions.  Molasses  sugars  when  clarified  give  a  brownish  yellow  liquid,  which 
absorbs  practically  all  of  the  light  in  the  blue  and  violet  part  of  the  spectrum.  Solu- 
tions of  such  sugars  act  themselves  as  light  filters  and  absorb  the  rays  producing  the 
greatest  dispersion  disturbances.  They  show  upon  polarization  but  little  difference 
between  filtered  and  unfiltered  light.  Clarified  solutions  of  several  low-grade  beet 
sugars  were  found  to  absorb  all  of  the  violet  but  only  apart  of  the  blue.  Slight  rotation 
dispersion  was  obtained  without  the  bichromate  cell.  Ninety-six  degree  centrifugal 
sugars  give  usually  straw-colored  solutions,  which  absorb  most  of  the  violet,  but  prac- 
tically nothing  of  the  blue.  Rotation  dispersion  with  these  sugars  is  usually  well 
marked  without  bichromate.  Java  and  other  high-grade  sugars  give  upon  clarification 
nearly  colorless  solutions  which  show  very  pronounced  rotation  dispersion  without 
the  bichromate.  With  such  sugars  the  difference  in  reading  with  and  without  bichro- 
mate was  in  some  cases  nearly  0.2  per  cent  for  the  same  observer. 

The  error  due  to  rotation  dispersion  was  found  by  Schonrock  to  be  variable  with  dif- 
ferent observers,  a  circumstance  due  perhaps  to  some  physiological  difference  in  the 
pigment  of  the  eye.  Comparisons  which  I  have  made  on  five  sugars  polarizing  over 
96°,  using  no  bichromate  and  1  and  3  per  cent  solutions  of  bichromate  in  a  3  cm  cell, 
showed  that  the  discrepancies  in  the  readings  of  the  same  solution  between  four 
observers  were  augmented  six  and  one-half  times,  when  no  bichromate  was  used,  as 
compared  with  the  3  per  cent  bichromate,  and  two  and  one-half  times  when  1  per 
cent  bichromate  was  used,  as  compared  with  the  3  per  cent.  Using  a  3  per  cent  solu- 
tion of  bichromate  in  a  3  cm  cell  the  average  difference  between  the  readings  of  the 
lowest  of  the  four  observers  and  the  other  three  was  only  0.03°  V.,  using  a  1  per  cent 
solution  the  average  difference  was  0.08°  V.,  and  using  no  bichromate  0.22°  V.  The 
3  per  cent  bichromate  in  a  3  cm  cell  gives  the  same  effect  as  the  6  per  cent  bichro- 
mate in  a  1.5  cm  cell  advocated  by  Schonrock.  The  use  of  bichromate  of  the  above 
concentrations  according  to  the  length  of  cell  should  therefore  be  prescribed  and 
rigidly  adhered  to  in  the  polarization  of  sugars. 

These  concentrations  apply,  however,  only  to  cane  sugar.  With  substances  of 
greater  rotation  dispersion  such  as  commercial  glucose,  dextrin,  malt  products,  etc., 
it  will  be  found  necessary  to  increase  the  strength  of  the  bichromate  considerably,  as 
may  be  seen  from  the  following: 

Polarizations  of  starch  conversion  products  with  and  without  bichromaU  i°V.). 


Dextrin 

Mali  sirup. . . 
QluCOSe  sirup. 

Do 


Starch  conversion  products. 


No  bi- 
chro- 
mate. 


253.  i .". 
195.80 

17't.  IK) 

172.  i<> 


Strength  of  liichro- 
mate,  :<  cm  cell. 


O.fi  per 

.  cut. 


253.  •"><> 
[95.60 
179.70 
171.85 


:*  per 
(cni. 


251  40 
196.40 

17-.I.  70 

171.75 


6  per 
cent. 


253.  <»o 
196  15 
1 79.  55 
171.65 
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With  starch  conversion  products  it  is  possible  to  secure  concordant  readings  between 
different  observers  only  when  G  per  cent  bichromate  is  used  in  a  3  cm  cell.  With 
substances  of  higher  dispersion  than  dextrin  it  would  seem  advisable  to  use  only 
sodium  light  for  polarization.  With  all  carbohydrate  materials  it  would  seem  that 
the  dispersion  disturbances  of  white  light  may  be  eliminated  by  means  of  bichromate 
solution.  The  results  show,  however,  that  the  directions  for  operating  saccharimeters 
should  specify  the  exact  strength  of  bichromate  solution  to  be  used. 

A  second  and  very  discordant  element  in  the  unification  of  saccharimetric  observa- 
tions is  in  the  use  of  clarifying  agents.  The  several  errors  resulting  from  the  use  of 
lead  salts  iu  clarifying  sugar  solutions  have  long  been  recognized.  There  is,  first,  the 
volume  of  precipitate  error;  second,  the  precipitation  of  levulose  error;  third,  the  forma- 
tion of  soluble  lead  levulosate  of  lower  specific  rotation  than  levoluse;  and,  fourth, 
when  dry  defecation  is  used,  the  error  of  dilution  or  change  in  volume. 

In  studying  these  various  questions  my  attention  was  directed  first  of  all  to  the 
great  difference  in  composition  of  the  commercial  preparations  of  lead  subacetate  and 
also  of  the  solutions  of  this  salt  as  ordinarily  prepared  for  laboratory  use.  Prepara- 
tions of  the  anhydrous  subacetate  of  lead  sold  by  reliable  chemical  firms,  and  all 
guaranteed  as  to  purity  according  to  the  food  and  drugs  act,  were  found  to  vary  in 
their  content  of  basic  lead  oxid  from  3.34  to  32.32  per  cent.  Solutions  of  lead  subacetate 
prepared  by  digesting  litharge  with  the  normal  acetate  of  lead,  according  to  the  method 
of  the  association  or  other  directions,  will  also  vary  greatly  in  composition,  according 
to  the  time  and  temperature  of  digestion.  Solutions  of  the  same  specific  gravity  thus 
prepared  were  found  to  vary  in  the  ratio  of  combined  to  basic  PbO  of  from  5: 2  to  1:1. 
These  variations  in  composition  are  not  surprising  when  it  is  remembered  that  three 
well-defined  subacetates  have  been  prepared  by  the  digestion  of  lithage  with  normal 
lead  acetate.  These  are  3PbJLc2PbO,  the  subacetate  ordinarily  prescribed  for  clarifi- 
cation; Pb^icPbO,  the  monobasic  acetate;  and  PbJ.c2PbO,  the  diabasic  acetate. 

The  official  directions  for  preparing  basic  lead  acetate  are  explicit  as  to  the  specific 
gravity  of  lead  solutions  to  be  used,  but  are  silent  as  to  the  point  of  greatest  importance, 
the  content  of  basic  lead.  The  differences  which  may  result  in  saccharimetric  work 
from  the  use  of  lead  solutions  of  varying  basicity  may  be  seen  from  the  following  polar- 
izations made  upon  a  sirup  and  a  sugar  using  three  different  solutions  of  lead  subace- 
tate and  one  solution  of  the  normal  acetate  all  of  1.24  specific  gravity. 

Comparison  of  polarizations  using  different  solutions  of  lead  subacetate. 


Material 

Quantity 

of 
reagent. 

Normal 

lead 
acetate. 

Lead  subacetate. 

5PbAc2PbO 

3PbAc2PbO 

PbAcPbO 

Sirup 

cc. 
8 
10 

°V. 

45.00 

81.85 

°V. 
45.50 
82.30 

°V. 
45.65 
82.40 

°V. 

46.00 

Sugar 

82.50 

The  solutions  of  greatest  basicity  have  the  greatest  clarifying  power  and  give  the 
highest  polarizations  owing  to  the  greater  precipitation  and  lowering  of  polarization 
of  the  levulose  and  consequent  increase  in  dextro-rotation.  The  3:2  subacetate  is 
the  one  usually  prescribed,  and  since  this  compound  can  be  obtained  of  satisfactory 
purity  from  one  chemical  house  at  least  it  might  be  well  for  chemists  desiring  uniform- 
ity to  prepare  these  solutions  directly  from  this  salt.  The  important  point,  however, 
is  that  in  whatever  way  prepared  the  solutions  of  basic  lead  used  in  saccharimetry 
should  have  not  only  a  constant  specific  gravity,  but  a  uniform  content  of  basic  lead. 

The  errors  due  to  the  volume  of  lead  precipitate,  a  most  serious  one  in  the  polariza- 
tion of  low-grade  saccharine  products,  have  been  very  largely  eliminated  by  the  ingen- 
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ious  method  of  dry  defecation  proposed  some  years  ago  by  W.  D.  Home.  The  ques- 
tions of  change  in  volume  and  precipitation  of  levulose.  when  the  dry  subacetate  is  used 
in  large  amounts,  as  is  always  necessary  with  low-grade  products,  have  given  rise, 
however,  to  some  uncertainties,  and  the  method  has  not  met  with  universal  approval. 
To  determine  exactly  the  amount  of  error  due  to  change  in  volume  and  precipitation 
of  levulose,  mixtures  of  sucrose  and  invert  sugar,  with  mineral  and  organic  salts  pre- 
cipitable  by  lead,  were  prepared  and  the  effects  produced  upon  the  polarization  of 
these  solutions  by  different  quantities  of  the  dry  acetate  and  dry  subacetate  of  lead 
noted.  It  was  found  that  in  quantities  up  to  0.5  gram  but  very  little  change  could  be 
detected  in  the  polarization  of  the  original  solution  when  either  the  dry  acetate  or 
dry  subacetate  of  lead  was  used.  Using  more  than  0.5  gram  of  substance  the  dry 
acetate  invariably  reduced  the  polarization  owing  to  the  increase  in  volume  produced 
by  the  dissolved  salt:  the  effect  of  increased  quantities  of  the  dry  subacetate.  however, 
was  variable.  "Where  but  little  invert  sugar  was  present  there  was  the  same  decrease 
in  polarization  owing  to  increase  in  volume.  Where  considerable  invert  sugar  was 
present,  however,  this  dilution  error  was  counterbalanced,  and  often  more  than 
counterbalanced,  by  the  precipitation  and  lowering  of  the  specific  rotation  of  the 
levulose  and  there  was  either  no  change  in  the  reading  of  the  original  solution  or  an 
increase.  Used  in  very  large  excess  beyond  the  precipitation  of  the  levulose  the  dry 
subacetate  produced  a  continuous  lowering  of  the  polarization  through  dilution. 

The  same  facts  were  noted  in  connection  with  the  polarization  of  commercial  sugaiB, 
as  maybe  seen  from  the  following  polarizations  made  in  New  York  by  M.  H.  Wiley: 

Effect  produced  by  different  quantities  of  acetate  and  subacetate. 


Sample. 

Subacetate 
solution. 

Dry  lead  acetate. 

Dry  subacetate. 

1.  Java  sugar 

cc. 

1 
3 

1 
4 

°v. 

98.10 
88.95 
90.75 
86.15 

Gram. 
0.3 
1.5 

0.5 
2.0 

•F. 

97.95 
88.45 
90.60 
85.55 

Gram. 
2.0 
3.0 
2.0 

4.0 

°r. 

97.65 
88.15 
90.40 
85.30 

Gram. 
0.5 
1.5 
0.5 
2.0 

97.90 
88.65 
90.65 

S5.70 

Gram. 
2.0 
3.0 
2.0 

4.(1 

°r. 

-    s 

90.  55 

4.         Do 

The  dry  normal  acetate  by  the  addition  of  excess  produced  dilution  in  every  instance 
as  is  seen  by  the  diminished  polarization.  This  same  dilution  is  noticed  by  the  dry 
subacetate,  but  to  a  much  less  extent  on  samples  1  and  3;  on  samples  2  and  4  doubling 
the  quantity  of  dry  lead  subacetate  caused  no  change  in  the  polarization  through  the 
compensating  effect  of  the  levulose  precipitation.  It  is  needless  to  add  that  the 
double  quantity  of  lead  used  was  beyond  that  necessary  to  secure  clarification,  bo 
that  an  idea  may  thus  be  formed  of  the  probable  errors  due  to  ex< 

In  some  interesting  clarification  experiments  by  J.  A.  Hall  in  the  New  York  Sugar 
Trade  Laboratory  the  effect  of  adding  varying  amounts  of  dry  lead  subacetate 
studied  in  another  way.  Starting  with  a  minimum  quantity  of  the  salt,  this  amount 
was  increased  and  the  effect  upon  the  polarization  and  the  amount  of  lead  dissolved 
in  the  clarified  filtrate  noted.  By  calculating  the  dissolved  lead  to  the  subacetate 
it  is  possible  to. estimate  the  dilution,  allowing  0.2'2  cc  increase  of  volume  to  1  gram  of 
subacetate  as  determined  by  Home.  Only  one  experiment  upon  a  No.  2  Philippine 
mat  sugar  is  cited: 


225 

A  second  comparison  of  effects  of  varying  quantities  of  clarifying  agents  on  dilution  and 

polarization. 


agent. 

In  100  ec  filtrate. 

Estimated 
dilution. 

Clarifying 

PbO           Pbsub- 
rDU-      1  acetate. 

Polarization. 

3.0 

Grams.         Gram. 
0.2678    

cc. 

°V. 

86.70 

Dry  subacetate  <  grams) . . . 

"Do 

Do            

0.5 

1.0 

2.0 

Trace.  \ 

Trace. 
0.05 
0.20 
0.00 

Too  dark  to  read. 

.1530  |        (0.20) 

.7203           (0.94) 

2. 1078           (2. 73) 

86.50 
86.60 

Do                          

4.0 

86.50 

a  Sp.  gr.  1.259. 

It  will  be  noted  that  with  an  estimated  dilution  of  0.2  cc  instead  of  a  decrease  in 
polarization  as  would  be  expected  there  is  an  increase.  With  an  estimated  dilution  of 
0.6  cc  the  reading  is  the  same  as  that  first  obtained,  so  that  the  combined  effect  of  the 
dry  lead  upon  the  precipitation  of  levulose  and  upon  the  lowering  of  the  rotation  of 
the  levulose  in  solution  is  seen  to  be  most  pronounced.  It  will  be  noted  that  when 
an  excess  of  dry  lead  is  added  not  all  of  this  passes  into  solution.  Adding  1  gram  excess 
caused  an  increase  in  the  filtrate  of  only  0.74  gram,  and  2  grams  an  increase  of  only 
1.8  grams.  After  the  solution  is  sufficiently  clarified  for  reading  addition  of  more 
lead  will  continue  to  form  a  precipitate,  so  that  the  rule  of  adding  lead  until  no  more 
precipitate  forms  is  not  always  a  safe  one  to  follow.  An  interesting  fact  in  this  con- 
nection is  that  the  addition  of  much  lead  subacetate  beyond  the  point  of  maximum 
clarification  for  low-grade  cane  products  will  produce  a  darkening  of  the  solution. 
This  is  due  to  the  well-known  color  reaction  between  reducing  sugars  and  alkalies. 

If  the  minimum  amount  of  dry  lead  subacetate  necessary  to  secure  satisfactory 
clarification  be  carefully  determined  for  each  grade  of  commercial  product  and  excess 
beyond  this  be  avoided  there  is  no  question  but  what  this  method  of  clarification  gives 
polariscopic  readings  closer  to  the  true  polarization  than  any  other  method  thus  far 
proposed.  The  use  of  dry  lead  subacetate  and  subacetate  solution  as  defecating 
agents  in  the  determination  of  reducing  sugars  should  of  course  be  avoided. 

A  third  and  one  of  the  greatest  causes  of  the  lack  of  agreement  in  saccharimetric 
observations  between  different  chemists  is  variation  in  temperature.  As  regards  the 
effect  of  temperature  upon  the  polarization  of  pure  sucrose  nearly  all  chemists  are  in 
very  close  agreement.  For  quartz-wedge  saccharimeters  the  researches  of  Andrews, 
Wiley,  Schonrock,  Watts  and  Tempany,  and  other  chemists  show  that  for  each  degree 
Centigrade  increase  in  temperature  there  is  a  falling  off  in  the  polarization  of  pure 
sucrose  of  about  0.031°  Ventzke.  The  question  now  arises,  with  this  variation  in  the 
specific  rotation  of  sucrose  with  temperature,  what  correction,  if  any,  should  be  applied 
to  the  polarization  of  commercial  products. 

In  my  report  as  associate  referee  on  sugar,  made  to  rhe  association^  in  1905,  it  was 
shown  that  the  application  of  temperature  corrections  to  low  grade  cane  sugars  was 
not  advisable,  for  the  reason  that  the  polarization  of  a  sugar  is  an  expression  not 
merely  of  the  sucrose  alone  but  of  all  the  optical  constituents  present  and  since  some  of 
these  optical  constituents,  more  especially  the  levulose,  are  affected  by  temperature 
in  a  manner  contrary  to  sucrose,  it  is  not  permissible  to  make  a  temperature  correction 
for  one  constituent  without  at  the  same  time  correcting  for  the  others. 

This  view  of  the  question  has  been  recently  contested  by  Dr.  Francis  Watts,  govern- 
ment chemist,  and  Mr.  H.  A.  Tempany,  assistant  government  chemist,  for  the  Leeward 
Islands  of  the  British  West  Indies,  in  a  recent  number  of  the  West  Indian  Bulletin. & 
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They  advocate  for  the  purpose  <>f  securing  greater  uniformity  and  exactness  among 
analysts  the  application  to  all  polarizations  of  a  correction  formula  "JV-f-  0.00031  tN, 
where  X  is  the  observed  reading  on  the  Yentzke  scale  and  t  is  the  difference 
between  the  temperature  of  observation  and  that  at  which  the  polarimeter  was  stand- 
ardized." In  answer  to  my  criticisms  of  such  a  correction  when  applied  to  raw  cane 
sugars  Messrs.  Watts  and  Tempany  reply  as  follows: 

While  not  disputing  the  accuracy  of  the  statement  concerning  the  effect  of  tempera- 
ture on  levulose,  we  would  point  out  that  the  process  of  determining  the  polariscopic 
test  of  a  sugar  is  purely  arbitrary  and  conventional.  We  take  it  that  the  polariscopic 
test  of  any  sample  of  BUgar  is  the  rotation  produced  by  it  when  tested  in  such  a  way 
that  a  sample  of  chemically  pure  sucrose  tested  under  precisely  similar  conditions  would 
give  a  reading  of  100°.  The  100  point  of  the  Yentzke,  or  any  other  sugar  scale,  is  based 
on  the  rotation  of  a  standard  weight  of  sucrose,  dissolved  in  a  standard  volume  of  water, 
at  a  standard  temperature.  If  at  any  other  temperature  this  weight  of  pure  sucrose 
will  not  give  a  rotation  of  100°  on  the  scale,  the  scale  has  been  altered;  consequently, 
allowance  must  be  made  for  this  alteration  in  the  scale  when  polarizing  commercial 
sugars  under  these  conditions. 

The  above  criticism  of  my  previous  article  is,  however,  not  a  valid  one.  We  could 
say  with  equal  justice:  Consequently,  allowance  must  be  made  for  this  alteration  in  the 
scale  when  polarizing  molasses  or  honey  or  condensed  milk  or  glucose  or  any  other  sub- 
stance which  is  polarized  upon  a  saccharimeter.  The  only  scientific  conclusion  which 
could  be  drawn  is — allowance  must  therefore  be  made  for  this  alteration  in  the  scale 
when  polarizing  pure  sucrose;  to  include  commercial  sugars  and  other  substances  is 
too  sweeping  and  unwarranted  a  generalization.  It  is  true  that  the  100  point  of  the 
sugar  scale  of  a  saccharimeter  is  based  upon  the  rotation  of  a  standard  weight  of  c.  p. 
sucrose  under  certain  standard  conditions;  this  sucrose,  however,  is  a  means  of  stand- 
ardization and  nothing  more.  A  definite  weight  of  milk  sugar  can  be  made  to  read 
100  upon  any  saccharimeter  and  this  weight  is  used  for  the  estimation  of  milk  sugar  in 
milk  products.  To  apply  a  correction  formula  for  sucrose  in  such  cases  would  of  course 
be  an  absurdity. 

Quartz  may  also  be  used  for  standardization,  and  is  so  used,  the  100  point  of  the 
French  sugar  scale  being  based  upon  the  rotation  of  a  plate  of  quartz  1  mm  thick.  It 
might  be  said,  following  the  same  line  of  argument  as  that  of  Messrs.  Watts  and  Tem- 
pany, that  because  a  standard  plate  of  quartz  always  polarizes  100°  irrespective  of 
temperature*  upon  a  quartz-wedge  saccharimeter,  the  scale  has  not.  been  altered  and 
consequently  no  allowance  at  all  should  be  taken  of  temperature  in  the  work  of  polari- 
zation, a  conclusion  of  course  perfectly  true  as  regards  quartz  but  not  of  other  sub- 
stances. Similarly  the  conclusions  worked  out  for  chemically  pure  sucrose  for  a  given 
type  of  saccharimeter  are  true  for  chemically  pure  sucrose  but  for  nothing  else,  neither 
for  mixtures  of  sucrose  with  other  substances  nor  for  products  which  contain  no  sucrose. 

The  International  Commission  for  Uniform  Method  of  Sugar  Analysis  in  1900  decided 
that  it  was  permissible,  as  in  tropical  countries,  to  adjust  sacoharinieters  to  a  higher 
standard  temperature  than  20°  C.  This  adjustment  may  be  made  by  changing  'he1 
quartz  wedges  of  the  instrument,  by  increasing  the  normal  weight  of  sugar,  by  increas- 
ing the  length  of  the  observation  tube,  or  in  other  ways.  When  only  local  comparisons 
are  involved  it  is  advisable  and  advantageous  to  make  such  an  adjustment;  there  is 
a  serious  objection,  however,  against  having  several  separate  standards  for  universal 
work,  since1  comparisons  are  no  longer  possible  upon  a  large  class  of  low-grade  BBC- 
charine  products.  Two  saccharimeters,  for  example,  one  standardized  for  the  rotation 
of  sucrose  at  L'O0  and  one  standardized  for  the  rotation  of  sucrose  ai  30°,  will  give,  of 
course,  identical  results  for  pure  sucrose,  but  nol  for  a  raw  cane  sugar,  nor  for  a  cane 
molasses,  nor  for  a  large  class  of  other  products.  Having  adjusted  our  saccharimeter 
to  any  desired  standard  temperature,  this  standard  temperature  must  be  rigidly 
adhered  to  if  identical  observations  are  to  be  always  obtained  between  different, 
chemists. 
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The  true  polarization  then  of  a  raw  sugar,  as  of  other  saccharine  products,  is  a  con- 
ventional arbitrary  figure  representing  the  sum  of  the  polarizations  of  the  various 
optical  constituents  under  certain  fixed  conditions  of  temperature,  weight  of  substance, 
volume  of  solution,  length  of  tube,  and  quality  of  light.  If  the  temperature  of  polar- 
ization of  a  given  sugar  is  different  from  the  standard  the  correction,  if  correctly 
applied,  must  restore  the  reading  obtained  upon  this  same  sugar  under  standard  con- 
ditions. Now,  the  correction  advocated  by  Watts  and  Tempany  and  that  used  by  the 
United  States  Treasury  Department  in  the  Division  of  Customs  will  do  this  for  pure 
sucrose,  but  it  will  not  do  it  for  a  very  large  class  of  raw  cane  sugars  for  the  reasons 
already  given. 

Since  the  publication  of  my  previous  paper  upon  this  subject  I  have  had  occasion  to 
study  the  effect  of  temperature  upon  the  polarization  of  many  sugars  and  other  cane 
products  and  have  been  more  thoroughly  convinced  than  ever  of  the  futility  of  apply- 
ing such  a  correction  for  the  purpose  of  securing  greater  concordance  in  the  sacchari- 
metric  observations  of  different  chemists. 

The  general  results  of  this  work  I  have  condensed  into  tabular  form,  showing  the 
ranges  of  polarization  and  of  reducing  sugars  for  raw  cane  sugars,  and  for  several 
types  of  massecuites  and  molasses  with  the  corrections  necessary  to  obtain  the  polari- 
zation at  standard  temperature.  The  theoretical  sucrose  corrections  according  to  the 
formula  of  Watts  and  Tempany  are  appended  for  purpose  of  comparison.  The  values 
of  the  table  have  been  made  up  from  averages,  some  variation  was  obtained  for  indi- 
vidual classes  of  raw  sugars,  as,  for  example,  those  of  Louisiana  which  are  very  high 
in  reducing  sugars  and  give  a  correspondingly  lower  correction.  It  is  believed, 
however,  that  the  table,  on  the  whole,  is  a  fair  average. 


Table  for  correcting  -polarizations  of  raw  cane  sugars,  etc.,  to  standard  temperature. 
[Correction  for  each  °C.  above  standard  temperature.] 


Polari- 
zation. 

Reducing 
sugars. 

Actual 
correction. 

Correction 
by  formula 
0.00031P. 

SUGA 

R. 

°V. 

Per  cent. 

°V. 

°r. 

100-96 

0.00-  1.00 

+0. 028 

+0.030 

96-94 

1.00-  1.60 

+0. 024 

+0.029 

94-92 

1.  60-  2. 20 

+0.  021 

+0.029 

92-90 

2.  20-  3.  00 

+0.017 

+  0.028 

90-88 

3. 00-  3.  80 

+0.014 

+  0.028 

88-86 

3.  80-  4.  60 

+0.009 

+0.027 

86-84 

4.  60-  5.  40 

+0.005 

+0.026 

84-82 

5.  40-  6.  20 

+0.002 

+0.026 

82-80 

6.  20-  7.  00 

-0.003 

+0.025 

80-78 

7.00-  7.80 

-0.007 

+0.025 

78-76 

7. 80-  8.  60 

-0.011 

+0.024 

76-74 

8.  60-  9. 00 
MASSECI 

-0.014 

riTE. 

+0. 023 

68-72 

3. 00-10. 00 

-0.016 

+0.022 

58-62 

12. 00-14. 00 

-0.036 

+0.019 

44-48 

16. 00-18. 00 

-0.057 

+0.014 

MOLAS 

SES. 

34-30 

18.00-20.00 

-0.070 

+0.010 

22-26 

24. 00-26. 00 

-0.098 

+0.007 

16-20 

28. 00-30. 00 

-0.116 

+0.006 

It  will  be  noted  that  for  very  high-grade  sugars  which  polarize  over  96  an  addition 
of  about  0.03°  V.  for  each  °  C.  increase  in  temperature  will  practically  restore  the 
reading  obtained  under  standard  conditions.  The  percentage  of  impurities  is  too 
small  to  affect  appreciably  the  temperature  correction  for  sucrose.  As  the  polarization 
falls  below  96  and  the  percentage  of  reducing  sugars  increases,  the  effect  of  the  tempera- 
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ture  upon  the  rotation  of  the  levulose  begins  to  lower  the  theoretical  sucrose  correc- 
tion, until  at  a  point  usually  about  80  to  86  the  two  influences — that  of  the  tempera- 
ture upon  the  levulose  and  other  impurities  and  that  of  the  temperature  upon  the 
sucrose  and  quartz  wedges  of  the  instrument — counterbalance  one  another.  Two 
chemists  polarizing  such  a  sugar,  one  working  at  30°  C.  and  one  working  at  20°  C, 
other  conditions  being  equal,  will  obtain  concordant  and  correct  readings;  the  appli- 
cation of  the  theoretical  sucrose  correction  would  place  the  observation  of  the  chemist 
working  at  30°  C,  0.25°  V.  too  high. 

Below  80  the  effect  of  increase  in  temperature  is  usually  to  elevate  rather  than 
diminish  the  reading,  this  influence  becoming  more  and  more  pronounced  in  the 
massecuites  and  molasses;  the  levulose  correction  more  than  counterbalances  the 
theoretical  one  due  to  sucrose.  Every  chemist  knows  how  pronounced  this  influence 
is  on  the  polarization  of  sirups  and  molasses,  how  the  simple  handling  of  the  observa- 
tion tubes  will  increase  the  readings.  It  is  the  same  with  low-grade  sugars  which 
consist  simply  of  sucrose  crystals  contaminated  with  varying  amounts  of  molasses. 
When  such  sugars  are  polarized  above  20°  C.  a  correction  would  have  to  be  subtracted 
to  secure  the  reading  that  would  be  obtained  under  standard  conditions.  To  add  a 
correction,  as  required  by  a  sucrose  correction  formula,  would  manifestly  only  further 
increase  the  error  of  observation. 

The  solution  of  the  temperature  question  then  resolves  itself  simply  into  this:  If 
we  are  to  make  temperature  corrections  in  the  polarizations  of  commercial  products, 
we  must  correct  for  variations  in  the  specific  rotation  of  all  the  ingredients  therein 
present.  If  it  is  impossible  to  do  this,  no  temperature  corrections  at  all  should  be 
applied;  instead  of  this  we  should  strive  to  make  our  polarizations  as  nearly  as  possible 
under  standard  conditions.  Custom-house  laboratories,  arbitration  laboratories,  and 
all  other  laboratories,  upon  the  results  of  which  great  interests  are  involved,  should  be 
equipped  with  cooling  and  warming  apparatus  for  maintaining  a  constant  uniform 
standard  temperature.  The  great  testing  laboratories  of  Germany  are  so  provided 
and  similar  institutions  in  this  country  should  do  as  much.  For  chemists  who  are 
unable  to  provide  themselves  with  this  equipment  much  can  be  done  by  moving 
the  laboratory  to  cooler  quarters,  as  from  a  hot  upper  room  to  a  cool  basement.  By 
such  a  change  the  New  York  Sugar  Trade  Laboratory  has  lowered  the  temperature 
of  testing  from  25°  C.  to  21.5°  C.  in  hot  weather. 

The  services  rendered  to  science  by  the  researches  of  the  many  chemists  who  have 
investigated  the  influence  of  temperature  upon  the  specific  rotation  of  sucrose  are 
great;  the  results  of  their  labors  are  lasting  and  will  stand  the  test  of  time.  The  appli- 
cation, however,  of  what  they  have  established  for  pure  sucrose  to  the  polarization 
of  all  grades  of  saccharine  products  is  a  misapplication.  It  is  a  great  mistake.  It 
will  increase  rather  than  diminish  the  errors  between  many  of  the  saccharimetric 
observations  of  different  analysts  and  is  bound  to  work  great  injustice  when  applied 
commercially. 

A  paper  on  the  influence  of  glycerin,  acetanilid.  and  certain  other 
drugs  in  the  estimation  of  alcohol  by  L.  E.  Warren  and  II.  C.  Puller 
of  the  Division  of  Drugs,  Bureau  of  Chemistry,  was  presented  by 
Mr.  Warren.  This  work,  bearing  especially  upon  the  drug  investiga- 
tions, has  been  printed  elsewhere  for  greater  accessibility.0 

The  associate  referee  presented  a  lengthy  paper  by  S.  II.  Baer  on 
the  colorimetric  method  for  the  determination  of  citral,  dealing 
largely  with  the  chemistry  of  that  substance.  The  portions  od 
criticisms  of  the  method  are  reported  in  abstract, 

Aiiicr.  .1.  Pharm.,  L909.  81:  66. 
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CITRAL  AND  ITS  ANALYSIS  IN   TERPENELESS    EXTRACT   OF 

LEMON. 

By  Samuel  H.  Baer. 

The  analyses  were  made  by  three  chemists,  including  the  writer,  and  as  all  three 
judged  the  colors,  it  would  seem  that  the  analyses  are  as  accurate  as  the  colorimetric 
method  permits.     Acknowledgment  is  due  S.  E.  Shaffner  for  assistance  rendered. 

Determination  of  citral  in  lemon  extract  by  the  colorimetric  method. 


Sample 
No. 


Description. 


Terpeneless  oil  of  lemon  solution  (dissolved  in  cologne  spirits,  190  proof,  or 
95  per  cent,  and  colored  with  lemon  peel) 

Terpeneless  oil  of  lemon  solution  (dissolved  in  cologne  spirits,  190  proof,  or 
95  per  cent,  and  colored  with  turmeric) 

Terpeneless  oil  of  lemon  solution  (dissolved  in  38  per  cent  cologne  spirits 
and  city  water  and  filtered  through  magnesia) 

Citral  solution  (dissolved  in  cologne  spirits  of  190  proof,  or  95  per  cent) 

17  pounds  oil  of  lemon,  19  gallons  cologne  spirits,  23  gallons  water  (col- 
ored with  lemon  peel  and  filtered  through  magnesia) 

Alcohol  (not  cologne  spirits,  188  proof,  generally  used  by  manufacturers)... 

Cologne  spirits,  190  proof 

50  per  cent  cologne  spirits  with  city  water 

50  per  cent  cologne  spirits  filtered  through  magnesia 


Citral. 


Esti- 
mated   |  Amount 
amount  |    found, 
present. 


Per  cent. 

0.42 

.42 

.42 
.42 


Per  cent. 
0.19 


18 


.07 
.07 


From  these  analyses  it  is  seen  that  when  the  colorimetric  method  is  applied  to  the 
extracts  of  commerce,  the  correct  result  is  not  obtained.  On  sample  No.  13,  a  citral 
solution,  the  analysis  was  reasonably  close;  samples  No.  10  and  11  are  terpeneless  oils 
of  lemon  and  the  low  results  on  citral  may  be  due  to  the  fact  that  the  sample  purchased 
was  not  pure  terpeneless  oil  of  lemon,  but  a  product  containing  only  50  per  cent  of 
the  citral  that  should  be  there. 

Most  of  the  extract  manufacturers  use  188  proof  alcohol,  that  is,  94  per  cent  alcohol, 
which  always  contains  a  certain  amount  of  aldehydes,  and  the  sample  used  in  this 
test,  treating  the  alcohol  the  same  as  the  lemon  extract,  showed  0.19  per  cent  of  citral, 
when  there  was  no  citral  there  at  all.  If  only  cologne  spirits  are  used,  the  result? 
obtained  are  not  so  far  wrong  as  if  94  per  cent  alcohol  is  used. 

Since,  therefore,  the  presence  of  the  impurities  in  alcohol  throw  the  results  off  to 
such  an  extent,  giving  too  high  a  per  cent  of  citral,  would  it  not  be  possible  that  the 
impurities  in  the  alcohol  at  certain  times  and  also  in  the  water,  and  the  very  change 
of  one  or  two  ingredients  in  the  lemon  oil,  might  make  the  result  inaccurate,  reversing 
the  analysis  and  showing  a  smaller  per  cent  of  citral  than  is  really  present? 

The  colorimetric  method  is  applicable  if  the  manufacturer  used  chemically  pure 
citral,  distilled  water,  and  aldehyde-free  alcohol  in  the  manufacture  of  his  extracts, 
but  such  ideal  conditions  never  exist.  Further,  any  manufacturer  could  discreetly 
add  another  aldehyde,  even  acetaldehyde,  to  the  extent  of  0.2  per  cent,  which  would 
give  all  the  reactions  of  citral  in  the  extract  of  lemon  by  the  colorimetric  method. 

The  method  is  not  without  use,  but  if  the  presence  of  citral  could  be  determined 
and  estimated  quantitatively  by  a  sodium  sulphite  or  carbazone  method,  then  the 
colorimetric  method  might  be  used  as  a  check.  Before  adopting  the  colorimetric 
method  as  official  a  committee  should  be  appointed  from  the  association  members  to 
test  it  carefully,  under  the  conditions  that  the  manufacturer  must  meet  since  he  can 
not  use  aldehyde-free  alcohol,  nor  is  he  always  in  a  position  to  use  distilled  water. 
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Further,  suppose  the  method  is  accurate,  how  would  the  analyses  show  that  the  citral 
used  was  obtained  from  lemon  oil  or  the  commercial  citral  obtained  from  lemon  grass 
oil? 


AN  OUTLINE  TO    ASSIST    IN    THE    IDENTIFICATION    OF    CERTAIN 
WATER-SOLUBLE  COAL-TAR  COLORS. 

By  C.  B.  Cochran. 

The  reactions  given  by  the  coal-tar  colors  listed  in  the  following  outline  were  all 
obtained  with  solutions  as  dilute  as  they  could  be  made  and  still  give  reactions  suffi- 
ciently clear  and  definite  to  furnish  a  basis  for  positive  concisions.  Because  of  the 
degree  of  dilution  the  results  here  tabulated  will,  in  some  cases,  appear  contradictory 
to  those  given  by  Schultz  and  Julius.  For  example,  these  authors  may  report  a  color 
precipitated  by  a  certain  reagent  when  the  precipitation  is  only  partial  and  therefore 
does  not  appear  in  dilute  solutions  such  as  have  been  used  in  the  preparation  of  these 
table's. 

The  sodium  bisulphite  reagent  is  prepared  by  saturating  a  5  per  cent  solution  of 
sodium  hydroxid  with  sulphur  dioxid.  The  absorption  tests  with  aluminum  hydroxid 
were  made  by  adding  between  2  and  3  cc  of  well-washed  aluminum  hydroxid  (from 
which  the  excess  of  water  has  been  drained  through  the  filter)  to  10  cc  of  the  color 
solution. 

The  tests  with  the  fuller's  earth  were  made  by  adding  2  cc  of  the  earth  to  10  cc  of 
the  color  solution.  In  these  absorption  tests  the  aluminum  hydroxid  and  fuller's 
earth  are  shaken  with  the  color  solution.  If,  after  setting,  the  supernatant  liquid  is 
colorless  or  very  nearly  so,  the  result  is  recorded  as  color  absorbed.  In  the  majority 
of  cases  the  results  obtained  with  aluminum  hydroxid  and  fuller's  earth  are  definite 
and  sharp.  There  are  many  colors  belonging  to  Class  I  (Rota's  classification)  which 
are  much  more  readily  absorbed  from  their  water  solutions  by  aluminum  hydroxid 
than  by  fuller's  earth,  while  the  reverse  is  true  of  many  colors  belonging  to  (lasses 
II,  III,  and  IV. 

In  the  dyeing  tests  sodium  carbonate  was  used  for  making  alkaline  and  hydrochloric 
acid  for  acidifying.  The  alkali  solution  was  very  weak  and  the  acid  bath  about  one- 
half  the  official  strength  (1  cc  strong  hydrochloric  acid  to  50  cc). 

The  numbers  following  the  names  of  the  colors  refer  to  the  1904  edition  of  Green's 
tables. 

Coal-Tar  Colors  of  Class  I. 

Solution  reduced  and  in  most  cases  decolorized  by  stannous  chlorid.  Original 
color  not  restored  by  hydrogen  dioxid. 

DIVISION    I.  — COLOR    ABSORBED    BY    ALUMINUM    HYDROXID. 

Dye  vjooI  red. 

Section  I. — Color  precipitated  by  sodium  bisulphite  reagent. 

Congo  red  (A)  (240)  dyes  wool  and  unmordanted  cotton  red  from  neutral  or  faintly 
alkaline  bath,  but  not  from  acid  bath.  Oxalic  acid  or  acetic  acid  gives  a  blue  precipi- 
tate and  colorless  filtrate. 

Section  II. — Color  not  precipitated  nor  solution  changed  by  sodium  bisulphite 
reagent. 

Fast  red  A  (102),  hydrochloric  acid  gives  a  brown  precipitate  ami  colorless  filtrate. 
Dyea  wool  and  unmordanted  cotton  red  from  acid,  alkaline,  or  neutral  bath.  Color 
precipitated  by  barium  chlorid  solution. 
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Azo  rubin  S  (103),  color  only  partially  precipitated  by  hydrocholoric  acid.  Dyes 
wool  red  from  acid  bath  but  not  from  alkaline  bath.  Does  not  readily  dye  unmor- 
danted  cotton  in  either  bath.     Color  not  precipitated  by  barium  chlorid. 

Dyes  ivool  yellow. 

Chrysamin  R  (269),  hydrochloric  acid  gives  a  brown  precipitate,  sodium  hydroxid 
a  red  solution.  Barium  chlorid  and  sodium  bisulphite  reagent  each  gives  a  yellow 
preeirutate  and  colorless  filtrate.  Dyes  wool  pale  yellow  from  a  neutral  bath  and 
unmordanted  cotton  orange  yellow  from  a  neutral  or  alkaline  bath. 

Dye  wool  and  unmordanted  cotton  brown  from  acid  bath. 

Bismarck  brown  (197),  decolorized  by  stannous  chlorid  and  on  adding  hydrogen 
dioxid  a  color  somewhat  redder  than  the  original  color  appears.  Color  precipitated 
by  tannin  reagent.  Color  absorbed  from  alkaline  solution  by  ether,  and  on  adding 
dilute  acetic  acid  to  the  ether  solution,  the  color  is  taken  up  by  the  acid. 

Resorcin  brown  (137),  decolorized  by  stannous  chlorid.  No  color  returns  on  add- 
ing hydrogen  dioxid.  Not  precipitated  by  tannin  reagent.  Color  absorbed  by- 
fuller's  earth. 

DIVISION   II. — COLOR     NOT   ABSORBED  OR    ONLY    PARTIALLY    ABSORBED     BY   ALUMINUM 

HYDROXID. 

Dye  ivool  red  in  acid  bath. 

Section  I. — Sodium  hydroxid  causes  a  distinct  change  in  color  of  water  solution. 

(1)  Sodium  hydroxid  turns  water  solution  violet. 

Ponceau  6  R.  B.  (169),  dyed  wool  is  bluish  red,  turned  blue  by  hydrochloric  acid  or 
sulphuric  acid,  color  in  wool  dissolves  in  either  acid,  giving  a  blue  solution.  Hydro- 
chloric acid  turns  water  solution  violet,  more  turns  it  blue. 

(2)  Sodium  hydroxid  turns  water  solution  brown. 

Brilliant  crocein  (146),  hydrochloric  acid  produces  little  change  in  color  of  water 
solution. 

Crystal  ponceau  (A)  (64),  dyed  wool  turned  violet  by  hydrochloric  acid  and  blue 
by  sulphuric  acid. 

Crocein  scarlet  3  B  X  (104),  dyed  wool  turned  red  violet  by  hydrochloric  acid  or  by 
sulphuric  acid. 

New  coccin  (A)  (106),  color  of  dyed  wool  not  changed  by  hydrochloric  acid. 

(3)  Sodium  hydroxid  turns  water  solution  yellow. 

Palatin  scarlet  (53),  dyed  wool  is  scarlet.  Color  not  much  changed  by  hydro- 
chloric acid,  but  sulphuric  acid  turns  it  violet  and  gives  a  violet  solution.  On  dilution 
wool  has  nearly  original  color. 

Section  II. — Sodium  hydroxid  does  not  cause  a  distinct  change  in  the  color  of  the 
water  solution. 

Group  I. — Sulphuric  acid  turns  dyed  wool  blue  or  violet  and  gives  a  blue  or  violet 
solution.     Dyed  wool  is  bluish  red. 

Bordeaux  B  (A)  (65),  hydrochloric  acid  turns  dyed  wool  violet. 

Bordeaux  S  (A)  (107),  scarlet  B.  E.  E.  (P)  closely  related  to  Bordeaux  S. 

Group  //.—Sulphuric  acid  has  little  or  no  effect  on  color  of  dyed  wool.  Dyed  wool 
is  scarlet. 

Ponceau  G  (A)  (55),  barium  chlorid  gives  an  orange  red  precipitate,  wool  dyed 
orange  red. 

Ponceau  3  R  (A)  (56),  barium  chlorid  gives  a  red  precipitate.  Dyes  wool  more  red 
than  (55). 
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Dye  wool  yellow  or  orange. 

Section  I. — Hydrochloric  acid  added  to  strong  acidification  precipitates  the  color 
or  decolorizes  the  solution  (the  nitro  colors). 

Group  I. — Color  extracted  by  ether  from  solution  acidified  with  hydrochloric  acid. 

Victoria  yellow  (2). 

Martius  yellow  (3),  water  solution  plus  potassium  cyanid  gives  a  brown  color  on 
warming. 

Group  II. — Color  not  extracted  by  ether  from  solution  acidified  with  hydrochloric 
acid. 

Xaphthol  yellow  S  (4). 

Section  II. — Hydrochloric  acid  causes  a  decided  change  in  the  color  of  the  water 
solution  (many  of  the  tropceolinsi. 

Group  I. — Hydrochloric  acid  turns  dyed  wool  violet. 

Dyed  wool  is  yellow. 

Brilliant  yellow  S  (Sch.)  (89),  dyed  wool  is  yellow  turned  violet  by  hydrochl'»ric 
acid. 

Metanil  yellow  (Sch.)  (95),  dyed  wool  is  orange  yellow  turned  violet  by  hydro- 
chloric acid. 

Group  II. — Hydrochloric  acid  turns  dyed  wool  brown. 

Chrysoidin  R  (18).  This  color  is  absorbed  by  fuller's  earth  and  partially  absorbed 
by  aluminum  hydroxid. 

Group  III. — Hydrochloric  acid  turns  dyed  wool  red. 

Fast  yellow  (8). 

Section  III. — Color  of  water  solution  not  decidedly  changed  by  hydrochloric  acid. 
(If  a  precipitate  appears  only  a  part  of  the  color  is  precipitated.  I 

Dyed  wool  is  yellow. 

Xaphthol  yellow  S  (4),  dyed  wool  is  decolorized  by  hydrochloric  acid. 

Tartrazm  (94),  color  of  dyed  wool  not  changed  by  hydrochloric  acid. 

Dyed  wool  is  yellow  orange  to  orange. 

Tropceolin  0  (84). 

Tropceolin  OOO  (85). 

Orange  G  (14). 

Dyed  wool  is  red  orange. 

Mandarin  G  (86),  dyed  wool  is  turned  red  violet  by  hydrochloric  acid  or  sulphuric 
acid. 

Ponceau  4  G.  B.,  color  of  dyed  wool  not  changed  by  hydrochloric  acid  nor  by  sul- 
phuric acid. 

Colors  of  Class  II. 

Solution  decolorized  by  stannous  chlorid,  original  color  returns  on  addition  of 
hydrogen  dioxid.  (Bismarck  brown,  which  might  be  referred  to  this  class,  is  included 
under  Class  I.) 

(1)  Dyes  wool  and  cotton  bluish  red  (most  readily  from  an  alkaline  bath  . 
Safranin  (584),  much  hydrochloric  acid  turns  water  solution   blue  violet.     Cold 

absorbed  by  fuller's  earth,  precipitated  by  tannin  reagent.     Sulphuric  acid  turns 
dyed  wool  green,  solution  green,  hydrochloric  acid  blue. 

(2)  Dyes  wool  blue  from  alkaline  or  neutral  hath.  cottOD  a  paler  blue  from  neutral 
bath. 

Methylene  blue  (650),  color  absorbed  by  fuller'.-  earth  precipitated  by  tannin; 
hydrochloric  acid  turns  dyed  wool  robin's-egg  blue,  sulphuric  acid  green. 

Colors  of  Class   III. 

Stannous  chlorid  produces  no  further  effect  od  the  color  than  hydrochloric  acid. 
Sodium  hydroxid  produces  a  precipitate  OT  decolorizes  the  solution.  All  the  colors 
given  in  this  class  except  auramin  (125)  are  decolorized  by  sodium  bisulphite  reagent. 
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The  color  reappears  on  heating  and  disappears  on  cooling.     With  the  exception  of 
acid  magenta  (A)  (462)  they  are  all  absorbed  by  fuller's  earth. 

Dye  wool  red. 

(1)  Dye  wool  from  acid  bath  only,  do  not  dye  unmordanted  cotton  in  either  bath. 
Acid  magenta  (462),  color  absorbed  by  aluminum  hydroxid.     Dyed  wool  is  decol- 
orized by  hydrochloric  acid,  sulphuric  acid,  sodium  hydroxid,  or  ammonium  hydroxid. 
Tannin  reagent  gives  no  precipitate. 

(2)  Dyes  wool  and  also  unmordanted  cotton  most  readily  from  a  neutral  bath. 
Fuchsin  (448),  color  not  absorbed  by  aluminum  hydroxid.     Dyed  wool  turned  red 

brown  by  hydrochloric  acid  or  sulphuric  acid.     Tannin  reagent  gives  a  precipitate. 

(3)  Dyes  wool  yellow  from  neutral  or  alkaline  bath.     Does  not  dye  unmordanted  cot- 
ton.    Auranin  (425). 

Dye  ivool  green. 

Dye  from  acid  bath:  Guinea  green  B  (A)  (433)  and  acid  green  (434)  do  not  dye  cotton. 

Dye  from  neutral  or  alkaline  bath:  Ethyl  green  (428)  dyes  unmordanted  cotton 
more  readily  than  malachite  green. 

Malachite  green  (427),  dyed  wool  is  blue  green,  turned  at  first  grass  green  by  hydro- 
chloric acid  or  sulphuric  acid,  then  yellow;  on  dilution,  blue. 

Dye  wool  violet  from  neutral  or  alkaline  bath. 

Methyl  violet  (451),  sodium  hydroxid  gives  a  brown  precipitate  and  brown  solution. 
Ethyl  violet  (453),  sodium  hydroxid  gives  a  white  precipitate,  colorless  on  warming. 
Either  dyes  unmordanted  cotton  from  alkaline  bath. 

Dyes  wool  blue  from  acid  bath. 

China  blue  (480),  color  absorbed  by  aluminum  hydroxid.  Solution  decolorized 
by  sodium  bisulphite  reagent.  Color  does  not  readily  return  on  heating,  but  does 
return  on  adding  a  drop  of  hydrochloric  acid.  Dyed  wool  decolorized  by  ammonium 
hydroxid,  turned  reddish  brown  by  sulphuric  acid. 

Colors  of  Class  IV. 

Colors  not  reduced  by  stannous  chlorid.  Solution  not  decolorized  and  color  not 
completely  precipitated  by  sodium  hydroxid. 

Dye  wool  red  from  neutral  bath. 

Dyed  wool  is  red  orange  to  orange  red: 

Eosin  (512),  color  not  absorbed  by  fuller's  earth  nor  by  aluminum  hydroxid.  Water 
solution  yellow  to  orange  with  green  fluorescence.  Hydrochloric  acid  or  sodium 
bisulphite  reagent  gives  an  orange  precipitate. 

Dye  wool  bluish  red  from  neutral  bath: 

(a)  Color  completely  absorbed  by  fuller's  earth.  Sodium  bisulphite  reagent  gives 
no  precipitate,  but  causes  only  a  loss  of  fluorescence. 

Rhodamin  G  (502),  water  solution  red  violet  with  red  fluorescence. 
Rhodamin  B  (504),  water  solution  bluish  red  with  orange  brown  fluorescence. 

(b)  Color  only  partially  absorbed  by  fuller's  earth.  Sodium  bisulphite  reagent 
precipitates  the  color. 

Erythrosin  (516),  water  solution  cherry  red.  (Green's  tables  give  no  fluorescence. 
A  sample  marked  "Griibler"  gave  green  fluorescence.)  Hydrochloric  acid  gives  an 
orange  brown  precipitate.     Sodium  bisulphite  reagent  gives  an  orange-red  precipitate. 

Rose  bengal  (520),  water  solution  cherry  red.  No  fluorescence.  Hydrochloric 
acid  gives  a  brown-red  precipitate.     Sodium  bisulphite  reagent  a  pink  precipitate. 

Phloxin  (521),  water  solution  bluish  red  with  green  fluorescence.  Hydrochloric 
acid  gives  an  orange  precipitate.     Sodium  bisulphite  a  pink  precipitate. 
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CONSTITUTION  OF  THE  ASSOCIATION  OF  OFFICIAL  AGRICULTURAL  CHEMISTS. 


(1)  This  association  shall  be  known  as  the  Association  of  Official  Agricultural 
Chemists  of  North  America.  The  objects  of  the  association  shall  be  (1)  to  secure  uni- 
formity and  accuracy  in  the  methods,  results,  and  modes  of  statement  of  analysis 
of  fertilizers,  soils,  cattle  foods,  dairy  products,  and  other  materials  connected  with 
•agricultural  industry;  (2)  to  afford  opportunity  for  the  discussion  of  matters  of  interest 
to  agricultural  chemists. 

(2)  Analytical  chemists  connected  with  the  United  States  Department  of  Agri- 
culture, or  with  any  State,  Provincial,  or  National  agricultural  experiment  station 
or  agricultural  college,  or  with  any  State,  Provincial,  or  National  institution  or  body 
in  North  America  charged  with  official  control  of  the  materials  named  in  section  1, 
shall  alone  be  eligible  to  membership;  and  one  such  representative  for  each  of  these 
institutions  or  boards,  when  properly  accredited,  shall  be  entitled  to  enter  motions 
or  vote  in  the  association.  Only  such  chemists  as  are  connected  with  institutions 
exercising  official  fertilizer  control  shall  vote  on  questions  involving  methods  of 
analyzing  fertilizers.  All  persons  eligible  to  membership  shall  become  members 
ex  officio  and  shall  be  allowed  the  privileges  of  membership  at  any  meeting  of  the 
association  after  presenting  proper  credentials.  All  members  of  the  association  who 
lose  their  right  to  such  membership  by  retiring  from  positions  indicated  as  requisite 
for  membership  shall  be  entitled  to  become  honorary  members  and  to  have  all  privi- 
leges of  membership  save  the  right  to  hold  office  and  vote.  All  analytical  chemists 
and  others  interested  in  the  objects  of  the  association  may  attend  its  meetings  and 
take  part  in  its  discussions,  but  shall  not  be  entitled  to  enter  motions  or  vote. 

(3)  The  officers  of  the  association  shall  consist  of  a  president,  a  vice-president, 
and  a  secretary,  who  shall  also  act  as  treasurer;  and  these  officers,  together  with  two 
other  members  to  be  elected  by  the  association,  shall  constitute  the  executive  com- 
mittee. When  any  officer  ceases  to  be  a  member  by  reason  of  withdrawing  from  a 
department  or  board  whose  members  are  eligible  to  membership,  his  office  shall  be 
considered  vacant,  and  a  successor  may  be  appointed  by  the  executive  committee, 
to  continue  in  office  till  the  annual  meeting  next  following. 

(4)  There  shall  be  appointed  by  the  executive  committee,  at  the  regular  annual 
meeting,  from  among  the  members  of  the  association,  a  referee  and  such  associate 
referees  for  each  of  the  subjects  to  be  considered  by  the  association  as  that  committee 
may  deem  appropriate. 

It  shall  be  the  duty  of  these  referees  to  prepare  and  distribute  samples  and 
standard  reagents  to  members  of  the  association  and  others  desiring  the  same,  to 
furnish  blanks  for  tabulating  analyses,  and  to  present  at  the  annual  meeting  the 
results  of  work  done,  discussion  thereof,  and  recommendations  of  methods  to  be 
followed. 

(5)  The  special  duties  of  the  officers  of  the  association  shall  be  further  defined, 
when  necessary,  by  the  executive  committee. 

(G)  The  annual  meeting  of  this  association  shall  be  held  at  such  place  as  shall  be 
decided  by  the  association,  and  at  such  time  as  shall  be  decided  by  the  executive 
committee,  and  announced  at  least  three  months  before  the  time  of  meeting. 
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(7)  No  changes  shall  be  made  in  the  methods  of  analysis  used  in  official  inspection, 
except  by  unanimous  consent,  until  an  opportunity  shall  have  been  given  all  official 
chemists  having  charge  of  the  particular  inspection  affected  to  test  the  proposed 
changes. 

(8)  Special  meetings  shall  be  called  by  the  executive  committee  when  in  its 
judgment  it  shall  be  necessary,  or  on  the  written  request  of  five  members;  and  at 
any  meeting,  regular  or  special,  seven  enrolled  members  entitled  to  vote  shall  con- 
stitute a  quorum  for  the  transaction  of  business. 

(9)  The  executive  committee  will  confer  with  the  official  boards  represented  with 
reference  to  the  payment  of  expenses  connected  with  the  meetings  and  publication 
of  the  proceedings  of  the  association. 

(10)  All  proposed  alterations  or  amendments  to  this  constitution  shall  be  referred 
to  a  select  committee  of  three  at  a  regular  meeting,  and  after  report  from  such  com- 
mittee may  be  adopted  by  the  approval  of  two-thirds  of  the  members  present  entitled 
to  vote. 
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Brown,  P.  E.,  analyst,  comments  on  potassium  determination  in  soils 11:) 
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